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EDITOR’S PREFACE. 


The idea of a series of books on Electro-Chemistry emanated 
not from me, but from Messrs. Constable. Some years back 
X "wrote for them a book called “ Practical Electro-Chemistry,’ ’ 
intended to cover a great part of the ground of knowledge 
then extant. Fortunately, knowledge has a habit of growing 
and of propagating its kind, and my book, in consequence of 
"this, became a “ back number”. 

The subject of Electro-Chemistry is so ramified and 
specialised that it was impossible for one man to make a 
survey of the whole field. This fact is the genesis of the 
present series in which those who have accurate and intimate 
knowledge of the various branches of electro-chemistry have 
"undertaken the work for which they are particularly qualified. 
It will be readily understood that, as the series of books was 
started at an early period of the war, many contributors were 
engaged in work of national and primary importance, and 
■were unable, however willing, to apply themselves at the 
moment to exacting literary work. But this difficulty was 
gradually overcome, as some prospect of a period to the 
struggle came within view, with the result which the reader 
"will judge with consideration for the onerous conditions 
under which my contributors have wrought. 

The monographs resulting from their labours speak for 
themselves, and if the educational advantages which I have 
obtained from reading them during their passage through 
the press is shared by the public, I believe that the thorough 
and modem work of my friends and collaborators will be 
appreciated, and such faults as there be will be attributed to 
the person ultimately responsible—the Editor. 




AUTHOR’S PREFACE. 


Ever since the time of its discovery Ozone has attracted the 
attention of chemists, physicists, and industrialists alike. 
To the former it presented the first example of a gaseous 
allotrope of an element, differing from oxygen in many 
remarkable ways. The physicist frequently came in contact 
with the substance in his investigations on the conduction 
of electricity through air, whilst the industrialist was not 
slow to avail himself of an oxidising agent, unsurpassed in 
strength, leaving no objectionable material in its wake, and 
at the same time easy, if indeed somewhat expensive, to 
manufacture. 

The angle from which Ozone and its modes of prepa¬ 
ration was regarded by these three different sets of investi¬ 
gators naturally varied, and an endeavour has been made in 
the following pages to summarise and correlate the many 
different references which are to be found scattered over a 
wide field of literature. The merest survey, however, was 
sufficient to indicate that our knowledge of Ozone, its pro¬ 
perties and modes of formation, is exceedingly scanty. The 
industrialist is ever at hand with extravagant claims as to 
the utility of “electrified oxygen”; the evidence as to the 
chemical behaviour and properties of ozone is somewhat 
meagre and frequently conflicting, for example, the existence 
of the ozonates and of oxozone still awaits confirmation; 


whilst the hypotheses advanced to explain the mechanism 
of its formation, either chemical, thermal, electrolytic, or 


al, are purely speculative Ozone is generally 
means of the silent electric discharge, the 
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CHAPTEE 3. 

OZONE. 

Ea.BLT HlSTOEY. 

In 1783 "Van Marum, a Dutch, philosopher, noticed that the 
air in the neighbourhood of his electrostatic machine (now 
in the museum at Haarlem, Holland) acquired a marked and 
characteristic odour when subjected to the passage of a series 
of electric sparks. Cruickshank in 1801 likewise drew at¬ 
tention to the fact that the oxygen gas produced by the elec¬ 
trolytic decomposition, of dilute acids under certain conditions 
was possessed of a similar odour. 

These two investigators merely chronicled the results of 
their experiments, and did not pursue their inquiries to 
elucidate the origin of the odoriferous substance. Schonbein, 
in a memoir presented to the Academy at Munich in 1840, 
recognised that the smell noted in air subjected to the spark 
discharge, and in the oxygen generated by electrolysis, was 
due to the presence of a new gas, to which he gave the name 
“ ozone ” (tfa —to smell), he also showed that ozone was 
formed in certain processes of autoxidation, notably by the 
action of air on phosphorus, but failed to establish the exact 
nature or composition of this new substance. 

We shall have cause to observe, when discussing the pro- . 
cesses of autoxldation, the development of Schonbein's hypo¬ 
thesis in that ozone or active oxygen is produced with its 

1 
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electrical isomer “ antozone” by the disruption of the neutral 
oxygen molecule— 

+ 

0 2 -> O' ozone + 0 antozone. 

This hypothesis naturally led to the division of peroxides 
into two groups, the ozonides and the antozonides, and to 
an extended search for the two active electrically charged 
forms of the oxygen atoms. 

Various other speculative hypotheses were made as to 
the composition of ozone, all unsupported by experimental 
evidence, thus, Williamson suggested that it might be gase¬ 
ous hydrogen peroxide, and Baumert considered ozone to be 
an oxidised form of hydrogen peroxide, i.e. H 2 0 3 . 

, Becquerel and Ereny first showed that oxygen could be 
completely transformed into ozone, thus proving that ozone 
was an allotropic modification of this element. 

These experimenters effected the conversion of oxygen 
into ozone by the passage of a stream of electric sparks 
through the gas, the ozone formed being continuously re¬ 
moved by means of a solution of potassium iodide. In this 
way all the oxygen originally in the tube ultimately disap¬ 
peared. 

Andrews, Tait and Soret (“ C.R,” 1876) took up the in¬ 
vestigation at this stage, and by the following experiments 
proved that the allotrope was actually a condensed form 
of oxygen:— 

A tube of volume V connected to a sulphuric acid ma¬ 
nometer and containing oxygen gas was submitted to the 
action of the spark discharge when a contraction in volume v 
was recorded on the manometer. On heating up the tube to 
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270° C. the ozone was destroyed and the gaseous mixture then 
occupied its original volume V. 

Soret showed that no change in the volume of the ozonised 
oxygen (V - v) took place when the gas was exposed to 
potassium iodide or metallic silver, nevertheless the ozone 
was destroyed. 

When, however, the gas mixture was exposed to turpen¬ 
tine a further contraction in volume was observed, the final 



volume being V - 3v where v was the volume contraction on 
ozonisation. 

As a result of the experiments Soret came to the conclusion 
that the molecule of ozone consisted of three atoms of oxygen, 
three volumes combining to give two volumes of ozone— 

30 2 « 2O 0 , 

since the volume contraction v on ozonisation is clearly equal 
to one-third of the oxygen converted into ozone (or one-half 
of the resulting ozone), which is subsequently absorbed by 
the turpentine. Further, that when ozone reacted with 
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potassium iodide or metallic silver it liberated an equal 
volume of oxygen :— 

0 3 + 2Ag = Ag 2 0 + 0 2 . 

Soret ascribed the structural formula O—0 to the tri- 

\/ 

0 

atomic allotrope of oxygen, and confirmed the existence of 
ozone by a determination of its density. The theoretical 
density of ozone at N.T.P. should be equal to one and a half 
times that of oxygen, and this value was obtained by Soret 
and Otto by several different methods, which may be briefly 
described :— 

A glass globe of about one litre was filled with pure dry 
oxygen at a determined temperature and pressure; and 
subsequently weighed; the oxygen was then displaced by 
ozonised oxygen reweighed, and the weight of ozone in the 
flask determined by titration with iodine and sodium thio¬ 
sulphate. 

If V be the volume of the globe, containing w grams of 
oxygen of density A, and to + w' be the weight of the ozonised 
oxygen in the globe, where 8 is the density of ozone, and v 
and w" the actual volume and weight of ozone in the globe, 
then 

(i) w + w = 8v + (V - v)A, 

(ii) id" = v8, 

(iii) w = AY. 

From (i) v(8 - A) = w + w' ~ AY « w\ 

hence :— 8 = w" 


or 


/ 
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a million of air. We may note that there is no unanimity in 
describing this odour, since it has been likened to sulphur, 
chlorine and phosphorus (presumably undergoing oxidation 
when ozone itself would actually be present); other observers 
have compared it to dilute oxides of nitrogen, whilst De la 
Coux likens it to lobster. 

Dilute ozone is practically colourless, but when viewed 
through a tube five or six feet long it is found to give a sky 
blue tint to the column of air. 

Hautefeuille and Chappuis (“ C.E./’ 94 , 1249, 1882) ob¬ 
tained liquid ozone by compressing ozonised oxygen to 3 25 
atmospheres at a temperature of - 103° C. Liquid ozone is 
soluble in liquid oxygen, and Ladenburg (“Ber.,” 31 , 2508, 
1898) obtained a mixture of liquid ozone and oxygen, con¬ 
taining 84’4 per cent, ozone by passing a current of ozonised 
oxygen through a tube cooled in liquid oxygen, whilst K* 
G-oldstein (“Ze it. Elektrochem./' 50, 972, 1903) obtained 
pure liquid ozone by immersion of a double walled quartz; 
mercury vapour lamp in liquid oxygen. When a small 
quantity of oxygen was admitted into the vacuous space it 
was rapidly ozonised by the ultra-violet light emitted by tba 
mercury vapour and condensed in the form of small drops* 
the pressure rapidly fell and fresh oxygen could then be 
admitted. Dewar likewise obtained practically pure liquid 
ozone by the careful fractionation of liquefied ozonised oxygen,. 
Liquid ozone, which is very liable to explode if accidentally 
brought into contact with a trace of organic matter or if this 
temperature be allowed to rise, is a dark blue liquid, op&que 
in thickness exceeding 2 mm. Olszewski (“Monatsh.,” 8 , 109, 
1887; “ Ann. derPhysik,” 3 , 31,1887) gave the boiling-point 
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at - 106° 0. to - 109° 0., whilst Troost ("C.R,” 126 , 1751, 
1898) determined it at - 119° C. 

The formation of ozone from oxygen is accompanied by 
the absorption of heat and the instability of liquid ozone 
and the gas at ordinary temperatures is doubtless occasioned 
by its strongly endothermic nature. 

20 3 = 30 2 + 2 Q. 


The lowest value of Q, the heat of decomposition per gram, 
mol. of ozone, is recorded by Hollman in 18G8 as 17,064 
calories, later determinations by Berthelot (1876) gave 29,600, 
Van de Meulen obtained values between 32,600 and 36,000, 
whilst Eemsen gives the highest value of 36,600. The most 
recent observations of Jahn (" Zeit. Anorg. Chem.,” 60 , 357, 
1908, and 68 , 250, 1910) give 34,000 (see p. 45). 

Ozone is soluble in water, but wide discrepancies are found 
in the published figures, doubtless occasioned by partial de¬ 
composition during solution. 

Schone ("Ber.,” 6, 1224, 1873) obtained the value for the 
solubility coefficient at 18° C. of 0*366, McLeod at 14° G. 
0*2795, Carius ("Ann.,” 174 , 30, 1874) at 1° C. 0*834, Laden- 
burg ("Ber.,” 31 , 2510, 1898) gave the solubility at 12° C. as 
0*01 per cent, by volume, whilst Mailfert (" C.E.,” 119 , 951, 
1894) gives the following values for the coefficient:— 


Temperature. 

0 ° O. 
11 - 8 ° 

15° . 

19° . 

27° . 

40° . 

55° . 

60° . 


Coefficient of 
Solubility. 

. 0*64 

. 0*5 . 

. 0*456 

. 0*381 

. 0*27 

. 0*112 
. 0*031 

. 0 
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about fifteen times the values obtained for oxygen. IVTouf- 
gang (“Woch Brauerei,” 28 , 434, 1911) determined the 
following values : 10 mgm. per litre at 2 ° C. and 1'5 mgru. at 
28° C. 

In dilute solutions of sulphuric acid (0'03 - 0'09 per cent.) 
the coefficient of solubility is somewhat higher, as is indicated 
by the following figures :— 

Temperature. Coefficient of 

* Solubility. 

30° 0.0-240 

33 0 .0-224 

49°.0-156 

57 °.0-096 

Rothmund (“Nernst Festschrift,” 391,1912) has indicated 
that the above figures are in all probability too low owing to 
the decomposition of ozone occurring during the estimation 
of the solubility. He found that this decomposition was 
remarkably small in O'l N. sulphuric acid at 0° C. and obtained 
a value 0487 for the absorption coefficient at this tempera¬ 
ture ; when corrected for the salting out action of the sul¬ 
phuric acid the coefficient in water would be equal to 0'494. 

Ozone is soluble in acetic acid, acetic anhydride, ethyl 
acetate, chloroform, and carbon tetrachloride (Fischer and 
Tropsch, “Ber.,”so, 765, 1917), forming blue solutions which 
are fairly stable. Solutions of ozone in carbon tetrachloride, 
in which the solubility is seven times that in water, do not 
undergo decomposition for twenty-four hours. 

The decomposition of ozone (see p. 133) is frequently ac¬ 
companied by a phosphorescence noted by Dewar when pass¬ 
ing ozonised air through a capillary opening, and by Otto in the 
action of ozone on water containing traces of organic matter. 
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A vivid phosphorescence is likewise obtained when a hot 
glass rod is brought near the surface of liquid oxygen contain¬ 
ing ozone (“Beger. Zeit. Elektrochem.,” 16 , 76, 1910). 

B. S. Strutt (“ Proc. Roy. Soc.,” 8 s, 10 , 1911) has ex¬ 
amined a number of cases of phosphorescent combustions, 
especially marked in vacuum tubes containing ozonised air 
under low pressures. Phosphorescence was noticed during 
the oxidation of a number of substances by ozone, amongst 
the more important being nitric oxide, sulphur, hydrogen 
sulphide, ethylene, and iodine. The spectroscopic examina¬ 
tion revealed a banded spectrum in the majority of cases, but 
occasionally continuous spectra were obtained. 

The spectrum of ozone is exceedingly complex and has 
been the subject of numerous investigations. 

Chappuis (“C.R.,” 94 , 858,1882) found eleven lines lying 
in the region X, = 628*5 and X = 444 in the visible 
spectrum, those lying on either side of the sodium lines being 
particularly distinct and characteristic, X — 609*5 - 595*5 jijj, 
and X = 577 to 560 w. Schone (“ Zeit. Anorg. Chem.” 6 , 333, 
1894) added two to the above number, whilst Ladenburg and 
Lehmann (“Ber.,” 4 , 125, 1906) noticed a line in the red 
portion of the spectrum. 

J. Stark (“ Ann. der Physik,” 43 , % 319,1914) has shown 
that the ozone molecule gives rise to many bands lying be¬ 
tween the visible green and the ultra-violet, X = 210 fxfx. The 
bands of long wave lengths were found to be resolvable into 
line series. 

Certain lines attributed to the ozone molecule are fre¬ 
quently caused by other allotropes of the element, either of 
elementary oxygen in the monatomic or diatomic form, O or 
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0 2 , or of those substances when charged. Thus Stark (“ JPhys. 
Ze it.,” 14 , 720, 1913) has shown the existence of two distinct 
arc spectra of oxygen attributable to the substances 0 2 and 
0 2 . 

The line in the visible red of the spectrum noticed by 
Ladenburg and Lehmann ( loc. cit .) is possibly not due to ozone 
but to another allotrope of oxygen, viz. oxozone, 0 4 ; whilst 
the existence of a band in the infra red or thermal region at 
X = 1040 pi* has been claimed for ozone but has not received 
confirmation. 

The lines of the oxygen spectrum at the negative electrode 
of a discharge tube were examined by Schuster, Steubing and 
F. Croze (“C.R.,” 153 , 680, 1916) who gives the following: 
X = 685*3 w, 662-5, 603*2, 564*6, 529*6 and 498. Schuster's 
two negative bands X = 570 - 584 fxfjb and X = 601 - 596 ixfju 
could not be resolved. 

The lines of atomic oxygen O are found in the examin¬ 
ation of water vapour as well as in oxygen submitted to 
intense electrical discharges. Fowler and Brooksbank (“ Jtoy. 
Astron. Soc.,” 77 , 511,1917) have likewise shown the pres¬ 
ence of lines of this series, the third line spectrum of oxygen 
X = 559*2 fifjb , and 396*18 in stars of the /3 type as well as in 
Wolf Rayet stars. 

The ultra-violet spectra of oxygen and its allofcropes are 
of special significance in the consideration of their photo¬ 
chemical interconversion (see p. 70). 

That of ozone has been examined by Lenard (“ Arm. der 
Physik,” 1 , 480, 1900), Goldstein (“Ber.,” 3 <b 304, 1908), 
and more especially Regener (“ Ann. der Physik,” 20, 1088, 
1906). 
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The 0 2 molecule gives short -wave length bands resolvable 
into lines between the region A, 200 and X 188 ^correspond¬ 
ing to the ultra-violet fluorescence of oxygen. Steubing 
noticed five hands between A = 183*1, and 191*1 ftp, whilst 
L. and E. Bloch (“ C.R,” 158 , 1161, 1914) isolated two new 
ones conforming to the Delandxes formula at A = 192*3 to 
193*6, and 194*6 to 195*7 fip. The ultra-violet oxygen atom 
0 band in the region A = 230 fjL/m and A = 340 //,/z is observed 
in the positive column in pure ratified oxygen, and in the 
decomposition of dissociation of many oxygen-containing 
compounds. The strongest band (see Meyerheim, Grebe, 
Holtz and Bowler, “ Proc. Roy. Soc. 94 , 472,1918) is found 
at A = 306*4 /up, and is usually attributed to water vapour. 

Investigations on the carriers of positive electricity by 
Sir X J. Thomson and his co-workers (“ The Carriers of 
Positive Electricity”) have revealed the presence of a great 
number of allotropes of oxygen which give rise to their re¬ 
spective band spectra. E. Horton (“ Phil. Mag.,” 22 , 24,1911) 
has shown the existence of carriers of positive electricity in 
oxygen of electric atomic weights, 8,16, 32, 48 and 96. 

Becquerel has shown that the magnetic susceptibility of 
ozone exceeds that of oxygen, and that the ratio of the 
specific magnetic susceptibilities exceeds that of the ratio of 
their densities. 


Chemical Pbopebties. 

Chemically, ozone is a strong oxidising agent, capable of 
effecting the oxidation of all the elements with the exception 
of gold and some of the metals of the platinum group. 

It liberates iodlue from potassium iodide and brings about 
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the oxidation of numerous substances such as lead sulphide, 
manganous salts and ferrocyanides, reactions which form the 
basis of its qualitative and quantitative detection and esti¬ 
mation. 

The general reaction may be expressed by the equation:— 
M + 0 8 = MO + 02* 

In some cases, however, oxygen is not liberated, but the whole 
‘ of the ozone reacts and no free oxygen is evolved. Thus 
sulphur dioxide is oxidised to sulphuric anhydride by ozone 
according to the reaction :— 

3S0 2 + 0 3 = 3S0 8 

(see Brodie, “Phil. Mag./’ 1894, and Eiesenfeld, “Zeit. Elek- 
trochem.,” 17, 634, 1911). In the combustion of the organic 
matter in water during the process of sterilisation by ozonised 
air this reactivity of the ozone molecule as a whole is likewise 
noted. 

Eiesenfeld ‘ Ze it. Anorg. Chem.,” 85 , 217,1914) observed 
a similar series of reactions in the action of ozone on sulphur 
compounds. Three atoms of oxygen in the ozone molecule 
react with sodium hydrogen sulphite, whilst with neutral 
sulphites and alkaline thiosulphates only two atoms react, 
the third being liberated as oxygen gas. 

With certain peroxides, such as hydrogen peroxide, it 
undergoes decomposition as follows:— 

0 3 + H 2 0 2 = H 2 0 4- 202 > 

Eothmund (“Monatsh.,” 38 , 295, 1917) showed that the 
reaction was unimolecular in excess of hydrogen peroxide, 
but in dilute solutions the ozone underwent catalytic decom¬ 
position. 
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It has found many uses industrially as an oxidising agent, 
which will be detailed in a subsequent section of this volume. 
Eeference, however, may be made to the deodorising of air, 
the conversion of manganates into permanganates, of chlo- 
rates into perchlorates, and the “drying” of oils in the pre¬ 
paration of linoleum and varnishes. 

At suitable temperatures selective oxidation of undesirable 
substances which give an objectionable colour or odour to 
many fats and waxes may be obtained, and such processes of 
bleaching are receiving extended application. Attempts have 
also been made to accelerate the ageing of spirits and wine 
by fractional oxidation with ozone. 

Ozone is a powerful germicide, as was first indicated by 
ITrohlich. Its high germicidal activity is doubtless due to its 
oxidising power, and as a dual agent of this character it has 
been fairly extensively employed for the sterilisation of public 
water supplies, for the treatment of wounds in hospitals, and 
for various purposes of sterilisation and preservation in in¬ 
dustries, such as hide preservation, cold meat storage and 
the like. Although ozone in high concentrations will effect 
the sterilisation of air, yet such concentrations as are neces¬ 
sary (ca. *05 per cent.) are not capable of respiration without 
damage to the tissues, consequently its chief function is as a 
deodoriser and “freshener ” for air in confined and crowded 
spaces. 

In the realm of organic chemistry ozone has received ap¬ 
plication in two directions, firstly as an oxidising agent of 
great strength which introduces no foreign matter, and 
secondly as a reagent for the ethylene linkage - C = C - . 

As an oxidising agent it is employed for the preparation 


i 
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of vanillin on an extremely large scale. The production oi 
other substances, such as heliotropine, piperon^l, arid aniBodde- 
hyde, can also be accomplished with its aid (see chap* ix.)- 
Apart from its powerful oxidising properties, one -will react 
with certain substances in two definite and characteristic 
ways to form ozonates and ozonides. 

The Ozonates. 

Baeyer and Villiger (“ Ber.,” 35 , 3038, 1908) state that 
strong ozonised air fumes in moist air colours blue litmu« 
red, and causes an increase in the conductivity of distilled 
water when passed through it. They therefore regarded 
ozone as the anhydride of an unstable ozonic acid, T 3 T^Oj. 
According to these authors, if due precautions are taJkeii, 
highly coloured ozonates may be prepared by the interaction 
of ozone and moist solid alkali hydroxides or concentrated 
solutions of the same at low temperatures. 

The ozonates are usually orange or brown- If ozone Ixi 
passed into a cold ammonia solution, it acquires a dark reel 
colour attributed by these investigators to the formation of 
ammonium ozonate, NH 4 H0 4 . Lithium ozonsute was found 
to be least, and that salt of caesium most stable. 

A white granular precipitate of calcium peroxide is formed 
on the passage of ozonised air into cold lime waiter. 

According to W. Manchot (“Ber.” 41 , 47, 1908), Baeyer 
and Villiger’s results are to be attributed to the presence 
of small quantities of oxides of nitrogen in their ozonised 
air, since he found that ozone possessed no acidic quail- 
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The Ozonides. 


The ozonides are formed by the interaction of ozone with 
organic compounds containing unsaturated ethylene linkages 
according to the general equation :— 


—C 
II + 0 3 
—G 


—C—Ov 

-Lo> 


0 


Disco-vered by Harries (“ Ann.,” 343 , 311, 1905 ; “her.,” 38 , 
1195, 1905), this reaction -was successfully employed by him 
to elucidate the composition of rubber (see p. 170), and has of 
recent years been frequently utilised to identify the presence 
of ethylene linkages. 

Where compounds containing ethylene linkages are 
treated with strongly ozonised oxygen (ca. 40 per cent. 0 3 ) 
the ozonides thus formed on analysis yield more oxygen than 
is to be expected by the assumption of simple saturation of 
the ethylene linkage according to the equation:— 


—C —C—Ck 

II + 0, -► | >0 

—0 — c —or 


According to Harries, oxozonides are formed hy interaction of 
the organic compound with oxozone present in the gas:— 


—C 
II + 0 4 

—c 


_c— 0 —0 

I I 

—c— 0 — 0 


More recent experiments, however (see p. 184), have failed 
to establish the existence of oxozone in ozonised air or oxy¬ 
gen and consequently some other explanation for the forma¬ 
tion of oxozonides must be advanced. 


CHAPTER II. 


THE NATURAL OCCURRENCE OF OZONE. 

The occurrence of ozone in ordinary atmospheric air lr» 
long been a matter of dispute. C. Bchdnboin (“ J. f. J’raM. 
Cbexnie,” 73 , 99,1858), as early as 1858, showed that star* h 
iodide paper, when exposed to the air, slowly turned bln* , 
thus demonstrating the existence of some oxidising a;'«*wy. 
He noted that the rate of liberation of iodine varied from day 
to day and attributed this to an alteration in the ozone tutu. 
tent of the air. Clbez and Binoau pointed out that «1><* 
liberation of iodine from starch iodide could likewise hi 
caused by the presence of oxides of nitrogen naturally prom nl 
in atmospheric air. 

Houzeau (“Ann. Chem. Phys." IV, * 7 , 5 , lf|72, and 
“ C.R.,” 74 , 712,1872), as a result of over 4000 determina¬ 
tions with neutral litmus starch iodide paper, came to ifi« 
conclusion that ozone was present in atmospheric air in iwl- 
dition to the frequent occurrence of oxides of nitrogen. A>< 
a maximum ozone content Houzoau recorded 2 ‘H ingm. fwr 
cubic metre. Houzeau’s views were supported by Hartley 
(“Trans. Chem. Soc./’ 39 ,10, 111, 1881, and "Nature/’ 

474,1889), who noted that many of the dark lines of the ftcilsur 
spectrum were coincident with those that would have Immsm 
produced on the assumption that atmospheric ozone absorbed 
light of these particular wave lengths emitted from the sun 







THE NATURAL OCCURRENCE OF OZONE 


17 


thus exhibiting the Frauenhofer lines; which conclusions 
were confirmed by Meyer (“Ann. der Physik,” IV, 12 , 
849, 1903). 

The vivid blue colour of ozone was asserted by Hartley 
to give the characteristic coloration to the summer sky, an 
alternative theory to the one first propounded by Lord Ray¬ 
leigh in 1871 (Hon. S. W. Strutt, “ Phil. Mag.,” 11 ,107,1871) 
and extended by Schuster (“ Theory of Optics,” p. 325) and 
King (“ Trans. Phil. Roy. Soc.,” A, 212 , 375, 1913). 

Rayleigh showed that the intensity of the light scattered 
by small particles of dust in the atmosphere would vary in¬ 
versely as the fourth power of the wave length, i.e. the light 
in the ultra-violet and blue end of the spectrum being of the 
shortest wave length would be most intensely scattered and 
}hus made visible. It may be noted that in Lord Rayleigh’s 
experiments the sky light appeared somewhat bluer than 
inticipated by this theory, and thus indicated that absorption 
>y ozone may be a contributary cause to the colour of the 
iky. C. Fabry and H. Buisson (“C.R.,” 1 56, 782, 1913), as 
i result of a series of experiments on the absorption coefficient 
►zone for light of the wave lengths X « 255 fifi to 330 
bowed that a thickness of only 25 /jl of ozone reduces the 
ncident light intensity by over 50 per cent. For a wave 
mgth of X = 300 w the proportion of transmitted light for 
thickness of 5 mm. of ozone was only 1 per cent., approxi- 
lating to the conditions of the terrestrial atmosphere exposed 
d solar radiation. If uniformly distributed this would equal 
*6 c.c. or 1*4 mgm. per cubic metre; this concentration is 
maewhat high for air at low altitudes, hence it may be 
:gued that with increasing altitudes the ozone content rises. 
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E. Kron (“Arm. der Physik,” 45 , 377, 1914) records X = 
325 fj.fi as the limit of the effective solar spectrum at sea-level 
on the clearest days. Fabry and Buisson’s results Between 
the wave length X = 200 and X = 350 fjfi are shown in the 
following graphical form :— 



200 250 300 354 

X m. fife 


Fia. 2. 

' More recently Fowler and Strutt (“ Proc. Boy. Soc. 93 , 
577, 1917) showed that the Frauenhofer lines between the 
wave lengths X = 3199 /t/t and X = 333 - 8 fjfj, the ultra-violet 
lines shown by Ladenburg and Behmann to be present in the 
ozone absorption spectrum, were present in the greatest in¬ 
tensity in the solar spectrum at low altitudes, or when the 
terrestrial air stratum through which the light had to pass 
was greatest, thus again supporting Hartley’s contention that 
the atmospheric ozone was an effective agent in fixing the 
extension of the. solar spectrum in the ultra-violet. 

Strutt (“Proc. Roy. Soc.,” 114, 260, 1918) likewise showed 
that the limitation of the solar spectrum to the lower wave 
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length of X = 294*8 fiyu was due to the absorption by atmos¬ 
pheric ozone. By long distance experiments on absorption 
of the light from a cadmium spark and mercury vapour lamp, 
the lower air, mass for mass, was found more transparent 
than the upper air, and that if the absorption was not due to 
dust, the ozone content would not exceed 0*27 mm. at normal 
pressure, in four miles of air. 

Engler and Wild (“Ber.” 29 , 1940, 1896) likewise con¬ 
firmed the presence of atmospheric ozone by the action of 
air on manganous chloride paper, whilst Schone in 1897 
(“ Brochure,” Moscow, 1897) obtained as maxima and minima 
the following values :— 

Maximum, 100 mg. per cubic metre. 

Minimum, 10 ,, ,, „ 

In the same year, Thierry (“ C.R,” 124 , 460, 1897) made 
the important observation from experiments conducted on 
Mont Blanc, that the ozone content of the atmosphere rose 
with increasing altitude, thus, at 1000 metres height he ob¬ 
tained 0*039 mg., and at 3000 metres, 0*094 mg. of ozone per 
cubic metre of air. Similar figures were observed by H. de 
Varigny (Smithsonian College, “ Proc.,” 39 , 27), viz. a maxi¬ 
mum and minimum of 0 03 and 0*01 mg. per cubic metre. 

These observations were continued by Hatcher and Arny 
(“ J. Amer. Pharm.,” 72 , 9,1900), who determined the amount 
of ozone in the air by two different methods, viz. the iodide 
and arsenitic titration processes, as maxima and minima, 
they observed the following values:— 


Method of Mmvmum. 
IB&tvmaMtm . 

Iodide 
Arsenite 


Maximum. 

316 mg. per cuMc metre. 
80 „ 


158 

34 


»» 
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.Henriet and Bonyssy (“ 146 , 977, 1908) shewed that 

the ozone content of the air at ground level varied approxi¬ 
mately inversely with the carbon dioxide concentration. 

Hayhurst and Pring (“ J.C.S.” LXII, $6$, 1910) drew 
attention to the wide variation of the results obtained by 
numerous investigators, and conducted a series of observa¬ 
tions on Glossop Moor in Derbyshire. They showed, utilising 
Houzeau’s original method of estimating both iodine and 
alkali liberated from potassium iodide solutions, a procedure 
which was found to give extremely accurate results, both for 
ozone and mixtures of ozone and nitrogen dioxide, that in 
this neighbourhood at least, oxides of nitrogen were always 
present in the air up to an altitude of 8000 ft., and that the 
quantity of ozone present, if any, was too small to be de¬ 
tected. With an increase in the altitude small quantities of 
ozone were obtained up to a height of 10 miles. Concen¬ 
trations of the order of 0*12 to 0*4 mg. per cubic metre of 
ozone, and smaller quantities of oxides of nitrogen were ob¬ 
tained. 

H. N. Holmes (“ J. Amer. Chem. Soe. ” 47 , 497, 1909) 
has shown that the maximum amount of ozone is formed in 
moving areas of air under a high barometric pressure when 
the conditions are favourable for bringing air of high, altitudes 
close to the earth’s surface. 

It may be concluded that ozone is a normal constituent 
of pure air, and that the quantity of ozone in the air increases 
with the altitude. Seasonal variations in the ozone content 
have likewise been obtained. Thus, Houzeau, as a result of 
eight years observation with neutral and alkaline iodide test- 
papers (Zoc. dt) 9 noted that the ozone content of fclie atiiios- 
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pliere rent? ill Hpriu*' awl Hummer, but Kimk to very »mttJI 
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wwtmiiniiH of from 1 to a part* per million were frequently 
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The oporto concentration in tint lower air hfmbt likewise 

ijn?rea*.f'i * 1 * 11*4114 period ' of -form or after he ivy rain Memoa 
and ilte Houth and o,niJi wo,I wimh art, cud to he richer in 

ozone than tiso northern ow w 
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water ; he ntnirn that the acid wat*T* of ftagnoiio, Mottle 
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Sources op Natural Ozone. 

Various alternative hypotheses have been advanced to 
explain the mode of formation of this small ozone concentra¬ 
tion in atmospheric air. It is at once evident that even this 
minute quantity exceeds the normal thermal equilibrium 
amount, and consequently there must he a continuous source / 
of ozone. We may classify the various hypotheses as to this 
source under three groups:— 

(a) chemical ; (b ) photo-chemical; (c) electrical. 

Natural Chemical Processes. 

The earlier investigators such as Schonbein, Houzeau, 
Bdrigny, Peyrou, and Marie Davy, were of the opinion that 
the green vegetation of plant life was responsible for the 
production of ozone, thus accounting for the observed maxi¬ 
mum and minimum ozone content in the months of May and 
November respectively. It was shown, however, that coloured 
plants yielded no volatile oxidising substances whatever, and 
more recent experiments have shown that the oxidising agent, 
which can always be detected in green plant growth, is hy¬ 
drogen peroxide. According to Priestly and Usher (“ Proc. 
Phys. Soc.,” 78 , 3, 38, 1906), the plant chlorophyll serves 
merely as a light sensitiser to bring about the reaction— 

3H 2 0 + C0 2 + light energy = HCHO + 2H 2 0 2 , 

the formaldehyde thus formed is subsequently polymerised 
to formose (d.l. glucose) by the protoplasm of the cell chloro- 
plast. 

The hydrogen peroxide is usually destroyed by one of the 
numerous enzymes, termed oxidases, present liberating mo¬ 
lecular oxygen— 
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2H 2 0 2 -* 2H 2 0 + 0 2 

(see Bach and Ohoat, “Arch. d. Sci. Phys. et Nat. Geneva,” 
17 , 4771, 1909), but many investigators suspect that during 
the decomposition of the hydrogen peroxide small quantities 
of ozone may be produced. 

The production of ozone by the atmospheric oxidation of 
various gums and essential oils exuded by trees and plants, 
such as turpentine, sandal-wood oil, or oil of lavender, has 
long been suspected, and undoubtedly the rapidity with which 
starch iodide slips are turned blue in a pine forest is, in some 
measure, due to the ozone present in the surrounding air, 
although the formation of hydrogen peroxide under these 
conditions is without doubt the more important natural pro¬ 
cess contributing to the freshness of the air. 

Photo-chemical Pbocesses. 

We shall have occasion to refer to the interesting fact that 
oxygen is ozonised by exposure to ultra-violet irradiation of 
wave length X — 120 - 180 whilst ozonised oxygen is re¬ 
solved into its original form by light of somewhat longer wave 
length, viz. X — 330 /a/x. 

Hartley (“ Trans. Chetn. Sdc.,” 39 , 10, 111 , 1881) noted 
the presence of Frauenhofer lines in the visible solar spectrum 
corresponding to those which would be absorbed by ozone. 
These conclusions in the visible part of the spectrum were 
confirmed by Meyer (“Ann. der Physik,” IV, 12 , 849, 1903) 
and extended by C. Fabry and H. Buisson (“ C.R.,” 156 , 
782, 1913) and Fowler and Strutt (“Proc. Roy. Soc.,” 
93 , 77 , 1917) to the ultra-violet portion of the spectrum. 
Furthermore, all experimental evidence indicates that the 
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ozone concentration is greatest in the upper portion of the 
atmosphere, where the intensity of the ultra-violet radiation 
would naturally be greatest (see also K. Birkeland, “ Cairo 
Soc.,” 8, 287, 1916). It would appear that the presence of 
ozone in atmospheric oxygen is largely due to the synthetic 
operation of solar radiant energy of short wave length 
(X = 120 - 180 fjifi), whilst the limitations in the amount in 
the upper parts of the atmosphere is caused by the destructive 
action of light of longer wave length (X = 300 fifi), a dynamic 
equilibrium being finally established between the rate of 
formation and the rate of decay. Near the earth’s surface, 
as we have seen, smaller ozone concentrations are obtained, 
partly owing'to the fact that the light of longer wave length, 
penetrates somewhat further into a dusty atmosphere than 
that of short wave length, but more especially to the reducing 
action of easily oxidisable substances both on the earth’s 
surface, and carried to low altitudes by the wind. Country 
air, according to Houzeau, contains more ozone than that 
around villages, whilst its presence can rarely be detected, in 
towns. This observer, in fact, records the disappearance of 
ozone in the air after the passage of a crowd on a public f^te 
day, and its gradual reappearance when the normal condition s 
had been re-established. 

Electeical Peocesses. 

The increasing attention which during the last few years 
has been paid to a study of atmospheric ionisation and electri¬ 
fication has not only clearly demonstrated that the potential 
difference between different parts of the atmosphere and be¬ 
tween earth or water and the air may reach extremely high 
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values during periods of atmospheric disturbances such as 
electrical storms, but even during periods of fair weather, 
local potential differences of high magnitude may result. 

Evidence for the ozonisation of oxygen during periods of 
intense electrical discharge, either silent as in the aurora, 
natural corona, and the remarkable Andes glow occasionally 
observed in S. America (see “ Knoche Meteor. Zeit.” 29 , 329, 
1912), or violent as in lightning and the so-called thunderbolt 
or globular discharge, is somewhat conflicting. Undoubtedly 
oxides of nitrogen are present, since these can always be 
detected during periods of heavy discharge, and in many cases 
it appears probable that ozone is formed either without or 
more probably in conjunction with the oxides of nitrogen. 

Thornton (“ Phil. Mag.,” 21 , 630, 1911) has advanced the 
view that the globular discharges themselves are purely 
gaseous bodies and consist of ozone in active combination. 

In a subsequent chapter we shall observe that the condi¬ 
tions for the possible ozonisation of oxygen by means of 
ionisation are established when a discharged electron or a gas 
ion strikes an oxygen molecule with sufficient violence so as 
to permit the temporary distortion of, or the actual removal 
of one of the valency electrons circulating round- the oxygen 
molecule from its orbit, and a rough computation of the volt¬ 
age of discharge which is necessary to give the emitted 
electron this requisite energy is but nine volts, a relatively 
low figure. 

The potential difference between strata of air during 
periods of fine weather is frequently extremely great and quite 
sufficient to produce atmospheric ionisation, with the conse¬ 
quent possible production of ozone, thus P. Mercanton 
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f°rro.ed. in air during the fall of heavy drops of rain from a 
vioixsiy clear sky in hot summer weather. 

O. Oddo (“ Gaz. Soc. Chim. Ital.,” 45 , 395, 1915) ascribes 
formation of gas ions under these conditions to the 
B P 0 x 11 aneous ionisation of water vapour when rarified. One 
kilogxraxn of moist air (773’4 litres when dry at N.TJP.) 
c ontains 89 x 10 “ 20 hydrogen and hydroxyl ions at 15° C. 
and 760 mm. pressure; he shows that a fall in temperature 
raa*ttxrsully diminishes the content of water vapour in the air 
butt also increases the degree of ionisation below 32° C., where 
it is practically zero. The optimum temperature range for 
itiaxixntim ionisation was found to be 5° to 20 ° C., which, it 
trxmy be noted, is the optimum for animal and vegetable life 
in tile temperate zones. 

Xjtexiard, in a series of researches on the Electricity of 
VV* aut erf alls (“ Ann. der Physik,” 45 , 7, 100, 1914), showed that 
ionisation was effected not only by the impact of suspended 
drops upon obstacles such as rocks or stones, but by impact 
of drops against each other resulting in the production of 
secondary drops. 



CHAPTER III. 
CHEMICAL PRODUCTION. 


An indication of the production of ozone can ho observed in 
a great variety of chemical reactions such as the? <P“e<»nij*«j»*i- 
tion of certain peroxides, in processes of autoxidatum, anrl »n 
many cases of combustion of gaseous fuels. In tlx- lafl-r 
case the ozone is doubtless of a purely thermal ori;.;in ami * 
consideration of the mechanism of production by f Ism 
will be deferred to a subsequent section. 

Ozone can nearly always be detected in oxygon null mt* 
from chemical decomposition. The temporary oxi >4 *•«*■.• <4 
atomic oxygon liberated according to tho equation : • 

m"o 2 + h 2 so 4 -> m so., + rr 2 o + o 

has, not yet been definitely proved, although tho ctvid- in-** {, ,*■ 
the formation of atomic hydrogen by similar procoKfo » j, 
extremely strong. In any case during the docotiijio. itnui of 
the peroxides, tho atomic oxygen polymeriseH with gr, ;,j 
rapidity to the molecular form:— 


O + 0 —■ Ojj. 


0. Brodie (“Phil. Trans.,” 141, 759, 1850) first advanced tho 
view that ordinary oxygen during processes of clmtitib'iU 
action was split up into two parts termed ozone anti mttommm, 

0* -+■ O' (ozone) + O (antozone). 


As we shall have occasion to note in discussing mnct-i.f-f >1 «,f 

(28) ' 
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autoxidation, Brodie’s hypothesis was strongly^supported by 
the experimental work of Schonbein. ' 5 .5 ;-7q7T~C? 

R. Clausius (“ Zeit. Phys. Chem.,” 103 , 644, 1858) sug¬ 
gested that Brodie’s so-called “ ozone ” and “ antozone ” were 
identical with atomic oxygen, possessing opposite electric 
charges 


0 2 -»■ 0 + O'. 

This view was further enlarged upon by van’t Hoff 
(“ Zeit. Phys. Chem.,” 16 , 411, 1895), who, as a result of his 
studies on the autoxidation of phosphorus, came to the con¬ 
clusion that there exists a definite equilibrium in normal 
gaseous oxygen between the molecular and atomic form, the 
atomic being charged:— 

0 2 6 + O'. 


Nemst (“ Zeit. f. Elektrochem.,” 9 , 891, 1903) showed, from 
a series of observations on the electromotive force of ozone- 
oxygen cells, that if the three allotropes of oxygen were as¬ 
sumed to exit in equilibrium with each other under normal 
conditions, according to the reversible equations:— 

0 3 ^ 0, + O 
0 2 ^ 0 + 0 , 


none of the allotropes possessing an electrical charge, then 
the equilibrium concentration of the atomic oxygen would be 
only 1 / 10 23 of the normal ozone concentration, which we shall 
see is of the order 10 ~ 5 per cent. The normal concentration 
of atomic oxygen is, therefore, so small as to render its exist¬ 
ence as a chemical substance, to which the ordinary methods 
of statistical calculation of its concentration and properties in 
bulk can be applied, extremely doubtful. 




A/^t> 
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Nevertheless, the formation of ozone in small quantities 
may be expected to occur in the decomposition of the per¬ 
oxides, since, on the above assumption, the following sequence 
of chemical reactions may be assumed to occur :— 

(i) Ba0 2 -»• BaO + O. 

(ii) O + O -> 0 2 . 

(iii) 0 2 + 0 -» O a . 

We have already noted that reaction (ii) proceeds with great 
rapidity, and that reaction (iii) is merely a side reaction, 
which will only proceed during the evolution of oxygen. 
Any ozone formed may, of course, be subsequently decom¬ 
posed by catalysis at the surface of the decomposed peroxide, 
or by the somewhat elevated temperature necessary to cause 
decomposition of the peroxide. 

Houzeau, in fact, was able to obtain concentrations as 
high as 28 gms. of ozone per cubic metre of oxygen evolved, 
by gently heating small quantities of powdered barium per¬ 
oxide in eight times its volume of concentrated sulphuric 
acid. Hydrogen peroxide is likewise formed in small quan¬ 
tities under these conditions:— 

4H 2 S0 4 + 4Ba0 2 (i) 4BaS0 4 + 4H a O + 20, 

(ii) 4BaS0 4 + 4H 2 0 + 0„ + O 

(iii) 4BaS0 4 + 4H 2 0 2 . 

The same investigator showed that similar results were 
obtained with other peroxides, notably those of magnesium, 
zinc, sodium, and potassium. 

Even better results can be obtained by the decomposition 
and gentle dehydration of permanganic acid or potassium 
di chromate, 


Mn 2 0 7 -*■ 2Mn0 2 + O s . 
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As dehydrating agent, sulphuric acid is most conveniently 
employed in the proportions of one of potassium perman¬ 
ganate to two of sulphuric acid. De la Coux (“ L’Ozone,” p. 
67) states that oxalic acid can be likewise employed in the 
proportion of 10 gms. of permanganate to 15 gms. of oxalic 
acid, and that 90 c.c. of oxygen containing 3 mgm. of ozone 
can be obtained from this mixture. 

Satisfactory yields of ozone may also be obtained by the 
cautious addition of barium peroxide to a solution of potas¬ 
sium permanganate in sulphuric acid, of density 1*85. 

By the thermal decomposition of the persulphates, small 
quantities of ozone are likewise disengaged, Malaquin (“J. 
Pharm. Chem.,” VII, 3 , 329,1911) gives the following details 
for the preparation of ozonised oxygen by this means. 
Twenty gms. of dry and freshly prepared ammonium persul¬ 
phate are mixed with 15 gms. of nitric acid in a small flask; 
the air is subsequently displaced by carbon dioxide, and the 
mixture cautiously raised to 65° to 70° C. The reaction, 
which is strongly exothermic, proceeds somewhat vigorously 
when once started, and the resulting oxygen, after removal 
of the carbon dioxide, contains 3 to 5 per cent, of ozone and 
small quantities of nitrogen. ' 

Moissan, in his researches on the properties of fluorine, 
which he isolated by the electrolysis of fused potassium 
hydrogen fluoride, noted that appreciable quantities of ozone 
were produced when a few drops of water were introduced 
into an atmosphere of fluorine. 

The formation of ozone proceeding according to the 
equation:— 

3F 2 + 3H a O - 6 HF + O* 
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is especially marked at low temperatures, when the rate of 
thermal decomposition of any ozone formed is considerably 
reduced. 

An ozone content of upwards of 14 per cent, in the oxy¬ 
gen disengaged by means of this reaction may be obtained, 
if the temperature be maintained at 0° C. De la Coux 
(“L’Ozone,” p. 70) suggests that the preparation of strongly 
ozonised oxygen, by this method, offers some hope of techni¬ 
cal application. 

Small quantities of ozone may likewise be obtained by 
the thermal decomposition of other oxygen-containing salts, 
but the quantity of ozone in the liberated oxygen is far 
smaller than in the cases alluded to above. Thus Eammels- 
berg noted that ozone may be detected in the oxygen evolved, 
on heating crystallised periodic acid up to 135° C. 

Periodic acid is formed by the action of iodine on an 
aqueous solution of perchloric acid, and can be obtained as 
crystals containing two molecules of water. When heated 
carefully, periodic anhydride is formed. 

2(HI0 4 .2H 2 0) I 2 0 7 + 5H 2 0, 

which on continued heating, loses oxygen to form iodic an¬ 
hydride :— 

I 2 0 7 LA + o 2 . 

The iodic anhydride itself suffers decomposition into its ele¬ 
ments at 300° C., consequently the liberation of ozonised 
oxygen by decomposition of the crystallised periodic acid 
only takes place within a somewhat narrow temperature 
range. Aqueous solutions of the acid and its sodium salt 
likewise gradually acquire the smell of ozone. 
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O. Bninck Iuib Hhown, that commercial samples of potas¬ 
sium chlorate liberals ozonised oxygen during thermal de- 
composition, although purified samples fail to yield any ozone. 
Tho yield of ozone is Bonsibly increased by the addition of 
inangancHe dioxide, thus equal weights of manganese dioxide 
and potassium chlorate liberate 0*3 per cent, of the weight 
of chlorate employed in the form of ozone. With twenty- 

i 

five times as much manganese dioxide, over T5 per cent, of 
the weight of chlorate can. be recovered in this form. Other 
oxides, such as those of copper, iron and zinc do not exhibit 
this behaviour, which appears to be characteristic of man¬ 
ganese dioxide, although Blight activity is noted in the cases 
of the oxides of nickel and cobalt. This is doubtless associ¬ 
ated with the property of forming unstable peroxides, which 
undergo secondary decomposition, liberating atomic oxygen, 
which can secondarily react 'with the molecular form to pro¬ 
duce ozone. 

In the thermal decomposition of many metallic peroxides 
the presence of ozone may be detected in the oxygen evolved, 
the yield of ozone being naturally greater in the case of those 
peroxides which undergo thermal decomposition at relatively 
low temperatures, such as silver oxide, yielding oxygen 
containing i to 5 per cent, of ozone. Lead peroxide and 
mercuric oxide arc likewise capable of yielding small quantities 
of ozone. 

If the peroxide of manganese, or cobalt, or nickelic oxide 
lift subjected to thermal decomposition in a current of oxygen, 
appreciable quantities of ozone are stated to be formed. 

All these oxide decompositions, resulting in the formation 
of small quantities of ozone, may be referred to chemical 
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processes of activating atmospheric oxygen, whilst in the 
case of the decomposition of chlorates and iodic anhydride 
these salts may be regarded as convenient sources of oxygon. 

In the case of the elements of the first group of the peri - 
odic table, namely, copper, silver and gold, the sub and 
normal oxides of copper, Cu 4 0, Cu 2 0, and CuO, are somewhat 
too stable, cupric oxide possessing only a small dissociation 
pressure at very high temperatures. The oxides of both fii I v«;r 
and gold, on the other hand, dissociate much more readily, 
silver oxide possessing a dissociation pressure equal to that 
of atmospheric oxygen at 250° C. Silver peroxide, Ag 3 0 3 , 
readily liberates hydrogen peroxide and oxygen containing 
ozone when dissolved in acids. Mercuric oxide closely re¬ 
sembles silver oxide in its chemical properties. 

The general reactions involved may be expressed by the 
following sequence of reactions:— 

(i) 2M + 0 2 = 2MO; 

(ii) 2MO = 2M + 20; 

(iii) 20 ;£ 0 2 ; 

(iv) 0 + O a -*• 0 3 ; 

in which by the operation of the first two reactions the oxygen 
molecule is-temporarily split up into its atoms, the necessary 
energy to perform this operation being supplied by heating or 
cooling the metal to form or decompose the oxide. The 
atomic oxygen so formed may then instantaneously recom¬ 
bine to form molecular oxygen or combine with molecular 
oxygen to form ozone. 

Ozone Production bx Autoxidation. 

It had long been known that many substances when ex¬ 
posed to the air undergo a process of slow oxidation. 
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Exemplifications are found amongst the most diverse 
types of substances such as the corrosion or rusting of metals, 
e.g. zinc, lead and iron, of certain non-metallie elements such 
as sulphur and more especially phosphorus, and in many 
organic substances, such as benzaldehyde, turpentine, linseed 
oil and various essential oils, such as oil of cinnamon, lavender 
or citronella. 

It was formerly thought that these reactions were com¬ 
parable to the ordinary processes of oxidation or combustion 
except in so far as the reaction velocity was exceedingly low. 
In 1858, however, C. F. Schonbein (“ J. f. Prakt. Chemie,” 
73 , 99, 1858, et seq. t to 1868) opened a new and interesting 
chapter in the theory of oxidation by showing that in these 
cases of slow oxidation, for every molecule of oxygen consumed 
by the substance undergoing oxidation a molecule of oxygen 
was simultaneously transformed to a more active state. This 
activated oxygen would then secondarily react to form a 
fresh series of new substances. 

Thus in the presence of oxygen, ozone could be produced ; 
in the presence of water as in the wet oxidation of the metals, 
an amount of hydrogen peroxide was produced equivalent to 
the quantity of metal oxidised. In the presence of other 
oxidisable substances the active oxygen can oxidise them, 
frequently bringing about oxidations which cannot be accom¬ 
plished by ordinary atmospheric oxygen ; thus indigo is 
converted into isatin during the autoxidation of palladium 
hydride or benzaldehyde. 

The quantitative relationship between the production of 
active oxygen and the quantity of substance undergoing the 
process of slow oxidation was shown by Schonbein to hold in 
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the quantity of oil remaining to ho oxidised diminishes in 
amount. 

ft had therefore to bo assumed that in the process of dry¬ 
ing, a catalyst was simultaneously formed, thus if a and b be 

tin? initial lumcontrationn of the linseed oil and catalyst, then 
the rate of oxidation of the oil after a time t will be given by 
the equation 

^ K(« - x)0> H .r). 

(ninths, in fact, showed by his experiments on reaction velocity 
that there wan a quantitative relationship between the quantity 
of linseed oil oxidised and tho quantity of autocatalyst simul¬ 
taneously produced. 

Houxeau (1HG0), (*enthe(/o«. r.it.), Hazunt (“ Zeit. Angew. 
Client.," i, M2, 1H8K), Kissling (“ 14eit Angew. (Jhem.,” 4, 
nm, 1891) and Friend (•* 1'roc. Paint and Varnish Hoe.,” 1914) 
all showed that the autocatalyst was an unstable peroxide, 
since it liberated iodine from potassium iodide and showed 
the other reactions of a peroxide and a similar catalytic 
acceleration could be produced by tho addition of ozone, 
benzoyl peroxide, oxidised turpentine or ether, to the linseed 
oil. It is still a matter of uncertainty as to the nature of 
this catalytic peroxide. Ifouzoau was of the opinion that it 
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Jorritum anti Ib-Hier ("Iter,," „v>, Mu l, W/7 ; " Z*it. 
Angew. ('hern.," n, ON‘29, and “ ( In in. Zest,," x6, b*J, 1002) 
showed that ozone could la* formed during the reduction n{ 
certain oxidising acids, such a a chromic acid, attributed to 
the intermediary formation of ms nmduhle peroxide with its 
subsequent decomposition: 

o * i o- r 

CrO, i* tf'OOH),'» II/* i Jr i 

IV O- Jl (, 

Eelatively largo quantities of ozone, however, are produced 

in the autoxidation of phosphorus, and in view of the con¬ 
veniences of this method of preparation the following details 
may be given: A rapid current of air is paused through a 
bottle containing stick# of yellow phosphorus, moistened with 
a dilute sulphuric acid acidified solution of fiotassiutn per¬ 
manganate or bichromate. The reaction proceed* but slowly 
at 0* C., whilst the optimum tenijH’rature is minted u < be 21’ C. 
Under reduced pressure the reaction still proceed* at 0* ti 
At Is well known, pure i»xyg«n reacts but slowly with phos¬ 
phorus except under reduced pressure. A W per cent, mix¬ 
ture of oxygen in hydrogen i# parti*,’uJarly Mr She 

production of oat me, hut the phosphorus »■» liable to become 
extremely hot, with the attendant risk of explosion- Hmall 
quantities of hydrogen peroxide am Mioultanoously produced. 
From timo to time the stale phosphorus should !*> re-fused 
in order to remove the superficial layer *4 phosphoric acid 
which causes a diminution in its activity. 

We have already noted that the theory of Urodro, developed 
by Clausius and van't Ilofl, postulating the existence of two 
forms of oxygen 
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fO (ozone), 

0 2 + 

\0 (antozone), 

was supported by SehSnbein as a result of these researches. 
According to this hypothesis all processes of autoxidation are 
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However, Ooekel (*' i’hys. ifoit 1%'. 1’WKi) showed that thin 
conductivity wait not dm* to tin* presence of ozone which 
could bo absorbed without destroying the conductivity. 

BarttH (“ Washington," 1901 >, Harms {" J'hys. /.eit.," 
IV, in, 1902), and Bloch ("Ann du t'hrmie H do I’hys.," 
it, 215, 1906) likewise showed Unit tin* runductivity was not 
due to the presence of ostoiiie oxygen or churned emu* oxygen, 
but to oxides of phosphorus collected round charg'd nuclei, 

forming aggregate* of fairly large dimensions (r •. JO • cm.), 

while the actual number of charged gas ion# observed fell far 
short of the stoichiometric ratio, oxygen absorbed oxygen 
activated: l : 1 , a»s p» r.tulated by the hypothesis, A. Want; 
(“ C.It.,'' 9f, 2, 1170, 11)| J) how, *1 lb« *4 teith 

positive and negative ions, the production of winch was sc* 
compamed by the formation of white fume* The production 
of these ga» ions wan accelerated by allowing the process of 
oxidation to take place in an electric field 

K. Prxibram (*'Akad. Wise. Wien, Iter," tan, 247, 1912) 
showed that the charge on each gas inn was approximately 
8 x 10* W K.H. unite, and that H<1 * 10 * pa rdf phosphorus 
in the form of phosphoric and w«# cited «,ul, »wb Ktf. 
unit, and 1*8 a 10“ “gin*, of phosphorus in each particle, A. 
Blanc (*' C,H„” »s8, 1492, 19! 1» *'hnn<» p, have dotcom-red 
the existence of a radiation omitted during the auioxidation 
of phosphorus like y nyn, extremely soft and not corpuscular 
in character. They an* easily absorbed by »*r 1, Hoppe 

fiegler (" 55eit, Physiol. Ch«*m *, i'A, ihiHt, and Itautmimi, 
adopted the same hypothesis m Kehonbem, but nufotituted 
the somewhat lc»s confusing term of '* " oxygen for 

Beh&tbtunV ‘'ox-aie * and “ «i,p,//,»,<■ ', Jt »*, however, 
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evident that tin; case for the existence of charged ions of 
atomic oxygen of opposite electric sign is not strongly sup¬ 
ported by the investigators cited above, although, as we have 
observed, the existence of uncharged atomic oxygen is a 
plausible hypothesis. 

M. Traube (" Ber.," 15 , 608, 1882, and 1471, 1848; “Ges- 
ammeltu Abhandlutigon,” Berlin, 1899), A. Bach (“ G.B.,” 
laft, 2957, 1897), and 0. Engler and V. Wild (“Ber.,” 30 , 
1087, 1897), and others, on the other hand, developed the 
theory of an intermediate compound. 

Thus, according to Traube, the presence of water is 
necessary for all these nroeeases of slow combustion, a Doint 
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Bach's modification of the hypothec *mhndii'd tlni con¬ 
ception of the formation of an uiiMtablt. inf* run diaiv j« -r 
prior to decomposition into an oxidt with aimultancmiii oxi¬ 
dation of the acceptor thus 

O 

M t (* s - M ' i 

a 


(> 

M ’ i A • *• M t ) t At i 
' O 

Kngler and Wild (" Iter,," jo, H®), 1.HU?), and Ostwald 
(*' Zmt, Phyn. Chism,," 30 , 250, 1900) applied Bach'* eoncep- 
tion of the mechanism of proceaaca of nut oxidation to the 
case under consideration, i.e. the formation of mmm by the 
autoxidation of phosphorus*. 

Kngler and Wild Kttggi'shd the following nrquenco of 
reaction* 

.O 

ai* i t» a * iy; , 

N) 


n 

l\< : 

o 


V t U t O, 


whilst Ostwald suggested that a Mill! higher oxidation form 
of phoxphoru* w*» prod new! a* an unstable intermediate 
product 



thw giving the xtoschiwneirir ratio, I*; O,:: 2 :1 which wm 

actually obtained by van't Hwfl. 
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The fundamental difficulty inherent in the peroxide theory 
was raised many years ago in a remarkable essay by Gr. Live- 
ing (“ Chemical Equilibrium, the Besult of the Dissipation 
of Energy/’ Cambridge, 1885). It is evident that the per¬ 
oxide formed must be endowed with available energy 
greater than that possessed by atmospheric oxygen, and it is 
thus difficult to explain its formation as the result of an exo¬ 
thermic reaction from phosphorus and air. It is usually 
assumed that the chemical energy of one system is not avail¬ 
able for another totally different system, i.e. that the energy 
liberated during the oxidation of phosphorus is dissipated 
through the system in the form of heat. Liveing introduced 
the interesting hypothesis, that in certain cases, the liberated 
energy was not dissipated in this form, but stored up in one, 
or at least a very few, neighbouring molecules, which would 
thus be endowed with a great deal of energy. Thus we can 
imagine a simple transfer of energy from one set of reacting 
molecules to another set, molecule to molecule, and thus ex¬ 
plain the simultaneous equivalent formation of an endo¬ 
thermic compound, during a strongly exothermic reaction. 
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C„ « 8-5 + 2y9T, 

where C„ is the molecular specific heat and fi a constant. 
Making these two assumptions (and much experimental evi¬ 
dence has been adduced to prove the validity of the Nernst 
heat theorem), it is easily shown (loo. cit.) that the equilibrium 
constant can be obtained from the following equation:— 

log 1# K - + 1-75 Xu log T - + XuC, 

where Q is the heat of reaction, 

and vjt + vjb ** vjs + vJL 


v ** v„ + - u„ - v*, 

v n . v h , v„ u, t being the number of molecules of such species, 
a, It, o, d, reacting, C„, C*. C c , C rf being the so-called chemical 
constants of each element or compound reacting, 


and 


fi 


SVC, - 8 r>» 
2l " > 


applying this equation to the case under consideration, viz.:— 
20, » a0 2 + 08,000 calories. 

st> * fai - m - - 1. 

Xuc - (2 X 8) - (8 X 2-8) - - 2-4. 

Information as to the specific heat of ozone is at present not 
available, but with Pollitzer, we may.assume that its value is 
not very different from that of the other triatomic gases, such 
as sulphur dioxide, which has a molecular specific heat of 
ID'S, then 

y jo ^ - (8 x 7-2) + (2 x 10-5) f 8-5 00g 

^ .2 x 800 UW 


Hence 


, v 68,000 - «.. „ , 0-005T 0 . 
log K, » - 4 .’ m , - Vn log T + eTI - 2 4. 
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If x be the fraction, of oxygen converted into ozone at equi¬ 
librium, then since:— 

rr j> 2Q 3 ■_ a 2 
p i> 3 0 2 jp 

when x is small, and p is the total gas pressure, 

log * - - - 0-875 log T + 0-0005T - T2 + * log jp, 

from this equation the values of z, and thus the percentage 
of ozone present in oxygen at equilibrium at various tempera¬ 
tures, can be calculated thus :*— 


T° centigrade. 

m. hj 
o ii 

P = 10,000 atmospheres. 

1000° 

10“ 8 

io-“ 

2000° 

io- 5 

l-i 

o 

1 

v» 

3000° 

10“ 3 

10-i 


It will be noted that increase.of pressure greatly favours high 
equilibrium amounts of ozone. 

Somewhat higher values for the equilibrium amounts at 
various temperatures are arrived at by means of evaluating 
the magnitude of the potential difference between the ozone 
and oxygen electrode (see p. 63). 

The potential difference between two platinum electrodes 
immersed in the same electrolyte, one saturated with oxygen 
under a pressure n r, and the other with ozone at the same 
temperature and pressure nr l9 is given by the equation:— 


rr -rr !R>T i 7T 

v - V. - m log 

where V„ represents the value observed of the potential differ¬ 
ence 0 2 /0 3 , at one atmosphere, under conditions of reversi¬ 
bility. 







THERMA.il production 47 

I here exists considerable uncertainty as to the values of 
V., thus Luther and Inglis (" Zeit. Phys. Chem.,” 43 , 203, 
1003) obtained tins value V„ = — 0 - 736volts; Nernst (“Zeit. 
hloktrochom., 9 , 801, 1903), "V, = - 0 - 57; Fischer and 
Drauncr (“ Ber., 39 , 3031, 1906) - 0"64, and - 0'46 volts. 

Calculation from the value of K obtained by the Nernst 
heat theorem as follows, yields the value - 0'83 volts 


log K„ 


68,000 

4 ; mT 


1-75 log T + 


0005T 

4-571 


2-4. 



273 x 4-571 0 |~y 34,000 

4 x 23,046 LV + 4 r 571T 


+ 0-875 log T 


0-0005T + 1 - 2 )] = - 0-83 volts. 


It is evident that if tho pressures of oxygen and ozone are 
so adjusted that the cell shall have zero E.M.F., this will 
represent the equilibrium conditions between oxygen and 
ozone. 


or 


or 


RT. ir 
2F og < 




where A is a eonntant 


2FV„ 
R • 


The values of tho percentage of ozone in equilibrium with 
oxygen under on© atmosphere pressure at various tempera¬ 
tures, as calculated from the above equation for the two 
extreme values of V„ Le. V» “ - 0-83 volts and V, — - 0"46 
volts, are given in the following columns -.— 



l^rwniatje of 

Omne. 


ozone 

Kq u i 1 ibr i u m Kf ft 1 l ib* i « vt 

Tf m p 0 n i u tr „ V V? ni| ?** ru f ti r i* . 

\\ . - ietCI mfn. \\ 0-U* volts. 


10 

7'K#r 



, 4 imr 

1 

11*150** 



TM¥i' 

0*1 . 

biiut 



, 1 im* 

0*01 . 

nmr 



» imr 

o-ooi . 

um n 





It will be noted that in this cairulatinri iJiti <*111111141’ in 

specific heats of the gases with alt* ration in the tctiipcmturo 
have been nngfactod, consequently the values are probably 
somewhat too high, ami in view of tin? wide d ineivpancieH 
between the two value 4an experimental r< <b f* tmitmlpm r*f the 
oxygen ozone el« rtroinnfivr force would it** %ety d< - iriibb* 
From the foregoingrnmdderatimm we muni vmwhuU that 
the quantity of ozone ot 1 quilihrium with atmospheric oyyp'Ui 
at normal temperature ami preinmres in scare: dy »!*•!* etalile, 
and that if present in nuir arable romvnf nilsunder these 
conditions true equilibrium dues nut ohtiiii Fortier ap¬ 
preciable quantifier of ozone nny )irs burned at high tempi m* 
turns and should he cripiilili? of deltefioft and cMUJie*?mn, 

The estimation of ozone in which Jiuw br-n heated 
up to 11 high temperature, F finite i^lint dtffrtflf owing fn the 
fact that ozone rapidly umFrgme th romp**Mtion to its 
equilibrium concentration during the cooling of the pv mix* 
tura l)i‘war f* 1 Year Hook U I..° $ 59 , l^oft iuferr* d flint 
ozone had two centres of stability, one above the limit mg-point 
of platinum and the other at nriliriurf temperatures, whilst 
between these temperatures ozone h decomposed, Fhupn mn 
and Jones f*Trans* Cheite Horn/’ fj, HIM, and 99, 

1811 , 1911) showed that at lOfi <J. nearly V* \m rent. of 
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the ozone in excess of the almost undetectable equilibrium 
amount in destroyed in half an hour, whilst at .500° 0 . it is 
practically instantaneous. 

The explanation of these observations of Dewar is that 
the velocity of decomposition of ozone from high temperatures 
down to 100 C, in extremely rapid, whilst lx;low 100" 0. the 
velocity of decomposition becomes markedly slower and the 
ozone appears to he stable on account of tho extremely low 
velocity of decomposition, the equilibrium being “ frozen 

The earlier experiments of Behonbein (Englor, “Hist. 
Kritic Htudien ilber Ozon," Halle, 1879), Bottger (“ Ann. dor. 
Chem,,” tag, 04, IHfil), 1’incus (“ Pogg. Ann.,” 144 , 480,1871), 
Btruve (" .fahreshor. f.Chem.," 199 ,1870), and Traubo (“ Ber.,” 
18 , 1894, IBHJI), all indicated that small quantities of ozone 
were formed during the combustion of hydrogen. Similar 
results were obtained by the combustion of coal gas, notably 
by Than (“Jour. f. Prakt. Chem.," a, 1415, 1870), Loew 
(” Zeit. f. Chem.," 6$, 1870), Tlosvay (“ Bull. Hoc. Chem.,” 3 , 
2 , .* 100 , 18 KJ ), whilst Zenghiiis demonstrated the presence of 
ozone 1 " Zeit. Phys. Chem.,” 46 , 1903) in the oxygen which 
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Bauersloff,”Gottingen, 1B03), Lermix (“(Mi.," $», 091, IWO], 
Troost and Hautefeuille ('* C.R,” 84 , 0 0 ',, |nY7i, Ib-lmhol!/. 
(“ Wiod. Ann.,” 33 , IB, 1HH7), and Kh-ternnd (hip-l '“ We»!. 
Ann.,” 30 , 912, 1K90). Trwnst and U ndb , ,./,) 

detected the present* «f uy,a in* in my/eu wbieh f.,ui l.irn 
heated up to only 1400 The oxy;/ »> wv» ■ lt<- iti >1 )y j.:» -a/,, 
through a porcelain tula' maintained at 1 l'"i <’ Jo ,,rder to 
effect the rapid cooling of flu* gun a wan r <■ ,r.led - ii>,> r f-ibe 
passed along the axis of the pom-lain tui e. S imph , .4 t.\;*,<* u 
were drawn from the annular span- led w* » n th> p- -m lain 
and the silver tubes by iiHpiratinn through a ?mail ; eh* tuba 
which passed into the silver tube it- elf. 

,T. Clements, at Nornst's neti/atum in I'.iuj r* \n» I’hy 
14 , 934, 1904), reviewed the whole Mibj<et and cun*- i>» the 
conclusion that many of the prevbue.ohsorv'-r. ha-l jovt i),en 
oxides of nitrogen or hydrogen peroxide p,r u/,uif. By the 
use of Arnold and Muntxe]’* tetmm thyi 1m *« p*ip> r /* ft, r." 
35, 1324, and 2902, 1902), which ih dia /no- ti-’ f.,r iv-iiir, 
Clements showed that ozone could be d* pct» tf ui tie- hoi 
gases from a Bunsen burner, hut only in very -oeili .{mintou «, 
(Tetramethyl base paper is stated to b*> <eie,stive to 0 mo! per 
cent, ozone.) 

By the passage of ozonised air containing 1 per cent, of 
ozone over a glowing Nernst filament maintained at lows < 
at various speeds up to B0 nm, per second, he showed that 
the rate of decomposition of ozone was extremely rapid, 1 
per cent Q, sinking to CHJ01 per cent in 0007 

In passing air over a Nnrnat glower even when heated up 
to 3000 C,, only oxides of nitrogen were obtsiiitetl, u result 
which was confirmed by JCumi (** tlaz. Cbttn. Ital./’jf, 1 , 80, 
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1005). (Elements, however, confirmed the formation of ozone 
by spark discharge, and Brodo (“ Zeit. f. Elektrochem.,” 
ii, 754, 1005) observed the formation of ozono in the high 
voltage are at *1000'' (’, Ozone formation in these latter 
cases may, however, be attributed to the action of ultra¬ 
violet light (see jt, 71 >) or electrical ionisation, and not to the 
result, of the establishment of a purely thermal equilibrium. 

Fischer and bis co-workers Braunor (“Bor.,” 39 , 1)40, 
11 )00), Mars (“ Her.,” 30 , :MK»l, 15)00, 40 , 44H, 11)07), and Wolf 
{“ Bor.," 44 , 2050,11U1) realised from Troost and Hautofouille 
and Clements’ experiments that rapid cooling was essential to 
preserve any ozone which might be formed, from secondary 
thermal decomposition, during the process of cooling'to the 
{mint where the reaction of decomposition was negligibly 
small. They showed by a series of interesting researches 
that ozono could be formed by thermal methods provided 
that the right conditions were obtained. 

It was shown that ozone could lie produced by plunging 
a jet of burning hydrogen or acetylene into liquid air, the 
ozone formed by the local heating being thus preserved by 
rapid cooling. 






<>y,nsr 


platinum wire, protected from dispersion l»y a coating of the 
oxides of zirconium and yttrium, gave » uniform yield of 
ozono. Usiri|' a glowing Nernst filament m liquid air and 
oxygen, ozom*. was prod tired and no oxides of nitrogen, The 
yield of ozone row* steadily with increasing temperature, the 
maximum eijuilihrium nmmuit being J ‘. f > p> r rent by weight 
at an approximate temperature of ggUfi t' , a figure which 
bears a strikingly «*lo: r ;igre< m< nt to tint obtain- >1 le, caieulu* 
tion from the: eleetroim trie force of th" uxygm «.>z<u,r coil. 
Taking V., - - (N<» volts, tin , com > pnnd-; to an e pnlthimm 
amount of 1*5 per cent, by \vi fidtt at 2 m I u <\ 

Utilising an are. in liquid mr a mixture of ozone and nitro¬ 
gen peroxide was obtained which frequently exploded when 
attempts were made to m p»rnt<- the renidmtl *<xyg> n 
(IbP. 0 4 I2tt t\, (I, iKi i h 

The maximum yield of ozone obtain* 4 by ineam. of a 
glowing Nernst filament in liquid oxygen w*a*t pt mgm«. in 
twenty-five minutes with a current consumption of p 2. r # 
amperes at 100 volts equal to a jnld of .'t ft grunt of o/oue 
per kilowatt hour. 

Fischer having thus demonstrated the thermal production 
of ozone with the aid of liquid air, proceeded to extend 
Clements’ experiments on the production of ozone by passing 
air at a high flow rate over a glowing Nernst filament. Wo 
have already noted that Clomonta was not able to detect the 
thermal synthesis of ozone with air-flow* of linear speed*, 
up to 80 cms. per second. Fischer and Marx, using much 
higher velocities, showed that ozone was formed under these 
conditions and obtained a scries of interesting results by 
studying the conditions of oxidation. 
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When dry air is passed over a glowing Nernst filament 
two endothermic compounds may be formed, viz. nitric oxide 
and ozone. If moist air be employed the presence of hydro¬ 
gen peroxide may likewise be demonstrated. The thermal 
equilibrium concentrations of nitric oxide, formed according 
to the reaction 

N 2 + 0 2 2NO, 

have been obtained by Nernst (“Gottingen, Nachrieht.,” 
p, 261, 1904) and Jellinek and Tinck (“ Zeit. Anorg. Chem.,” 
49 , 212, 224, 1906) and are given in the following table :— 


Temperature. ,Per Cent Concentration 

°C. of NO in Air. 

1811.0*35 

2033 . 0*67 

2580 . 2*02 

2675 . 2*35 

3200 . 6*0 


Jellinek (< loc. cit .) likewise calculated the rate of decomposition 
of nitric oxide to its equilibrium value at various temperatures. 
Nitric oxide in this respect is markedly different from ozone 
since it is relatively much more stable at high temperatures; 
the times for the decomposition of half a given volume of NO 
to nitrogen and oxygen at atmospheric pressure are as 
follows:— 

Temperature. Time in Minutes to Effect 

°C. 50 Per Cent. Decomposition. 

900 . 7-35 x 10» 

1100 . 5*80 x 10 2 

1300 ....... 4*43 x 10 

Similar calculations can be made for hydrogen peroxide. We 
should therefore expect that with relatively low velocities of 
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4f/j. is i: 


air-flow over the glowing fihiftmnf, muy * of mtn»;M*n 
should lio obtained , wit h hryie’f v* ^ m 

and nitric: oxide, and wnh \> iv lu/li vd -* \* ■< * m n y <^ou*» 
since file rate* of form Own of nOn*’ <o:;d«' :e* vem a-, o* mfe of 
decomposition in M-mddy b • r Uem lire < f mvm* . A will li* 
observed from the following lifo*r#*^ d mured l*y i" umber and 
Marx, tfiin theoniiiul deimirui i. riupu* e mtuue-I by 1 m 
perimont: -.- 


Fhw llfife s» 

IfVfriw i&r .SYv, 

!!•« 


'.-.an ?, fUf i 
<*,*' 0^, f u -« l ti* j <f 

, $<*j 


ft 3 * . ♦ *s 

im . m ^ mm v>, 

uj , m - o*. * me 

At flow mU*\ mevedmg un-m**-, p* r ' * <mud tm ^ u>bu *| 
nitrogen could he drterh-d ui tlu mr f»sn w.v* fiNnyti 

present* Tin* yield of u/mm wm* fiifltsutumil bmh by the 

temperatures of tit* glowing hlam-nt wdl m> by the 

linear velocity of flm pan fbw, me ehovvn m tin* appended 

tallica:— 


Ti*i«|#niliir^ «/ 

tfUlflif fV# tV»it„ 
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m U ♦ , St 1 f f4ni 
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Weight Per Cent. 


I Vlon ihj nf A ir 
im M*im Per Hec, 


A ir. 


Oxygen* 


m 

41 

m 

m 

75 


< 0‘0ll 
1 0*019 
0*021 

: 0*oi9 
, 0*012 


at 1800* 0. 

0*049 


0*082 

0*091 

0*080 

0*052 


Otnu. Gy 

Per Kw. Mr* 


0*29 

0*85 

1*15 

1*28 

1*07 


Fn the presence of water vapour, the yields of ozone are 
considerably lower, and hydrogen peroxide is formed. The 
influence of the water vapour was likewise investigated by 


Fischer with the following results :— 


Wider VttfHmr 

i*remmm m 
mm , /%. 

WL Per (lent. 

«f <>, 

WL Per Omt. 
in 

10 lAlrm* 

*0 , 

0-021!) 

, , 

0*002 

0-0176 

, , , , _ 

5*0 . 

0-00206 . 

, , # —. 

um . 

0-00180 . 

* 0*011 

44 I * 

. . 0-00106 . 

. 0*081 

149*2 . 

0-00076 . 

. 0*074 


According to this investigator, the function of the water 
vapour when present in but small quantities is purely cata¬ 
lytic in depressing tho yield of ozone by accelerating the 
normal decomposition according to the equation— 

20 , —► SO,. 

When present in large quantities a reversible equilibrium 
obtains as follows :— 


O, 4- H s O a Z H,0 + O, + 20. 

Ncrnst (foe. cit.) has calculated that the ratio of the equili* 
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brium concentrations of Cl :i and C) formed according to the 
reversible equations 

o, ft -i* o, 

(ij j: o * o, 

is as MF to 1 or atomic oxygen in prrmml in almost vanish¬ 
ingly small concentrations; contw<|mmtly, in the above react.ton 
the yield of ozone and of hydrogen peroxide i« extremely 
small. Fincher mm IIiiih able to pivprire m/uh**, nitric nxid*% 
or hydrogen peroxide, nil endothermic compounds, fr*mx air 
and water vapour ai will by controlling fit*’ condition*; 01 jm 
to lake advantage of tie* differ* nt r.d*** of formation and 
decomposition of those substances at definite f^injo ratorcs, 








CHAPTER V. 

THE ELECTROLYTIC! PREPARATION OP OZONE. 

As early as 1801 Oruickshank drew attention to the fact that 
electrolytic oxygen, generated by the electrolysis of dilute 
sulphuric acid at insoluble anodes, frequently contained 
ozone, 

Hnhonhein (“ Ann. Phys. Chem.,” 50 , 61b, 1840) showed 
that the optimum yield of ozone was obtained when the sul¬ 
phuric acid electrolyte contained 23 - 5 to 2(H) per cent, of 
sulphuric acid ; solutions of phosphoric acid when submitted 
to electrolysis likewise yielded small quantities of ozone in 
the anodic oxygen. 

Do Marignae (“ C.B.,” 20 , 808,1845) appears to be the 
first to point out the necessity of using cool electrolytes for 
the production of ozone; similar observations were made by 
Williamson (“ Mem. Chem. 80 c.,” 2 , 395, 1845), H. Mei- 
dinger {“ Ann.,” 88 , 57, 1853), and Baumort (“Phil. Mag.,” 
4 , 6 , 51, 1853). 










quantity of nxone liberated in the* oxygen wim tmtiTtiiifieci by 
variouH far turn. Ah electrode, material, bright platinum, 
gold or platinum iridmin wern found nimd hu it.nl*1#% ninro 
other electrode materia)?*, Hindi iih hi Ivor, blank j*lut imam, 
or oxide anode*?, mmh an load, iron or manganese, exert a wry 
conHidorable activity in the catalytic deowtipoHition of tiny 
ozone which might he formed at the mrhwv. 

The temperatureof the sulphuric acid elertrnjyte and also 
of the anode itself plays an ijji|mrUnt part in olitmnmg 
relatively largo yields of msm%\ Horn! (it*r. nt j obtained the 
following ozone concentrations when tptng constant currents 
and electrolyte composition : — 

Ttmpfmimrft r i». fw 

i ill# ir 

~ ai*’c*. , . it 

it a . , tf i 

re o. , 

Do la Oust (“ j., ?,l) »h>- vain*-; for 

the volume pro-nta^ **f o/.*»is** hb<i a)* *! its ilie '«syg»-n at 
different temperature*; 

Electrolyte : JESO,; 11,0 ; ; J : 

V hen? I * /*»?, 

<>.i *u ?«*% 

Itofrtii . , O*# 

r*r o, t 

fee mti niilt fmmtag niiilwr# , . § 

Andrew* (" l*hif. Tran*.,” i, iHiK)}, utilwing 20HI por 
cent, sulphuric acid a» electrolyte and a bunch of platinum 
wires as anode, kept cool during elcctrolyni* by immersion of 
the cell in ice water, obtained O'W per cent, oxontr. fteliSne 
(“ Tier.,” 6, 1274, MTS) claimed the production of 'l‘W to 
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H-f) per cent, ozone, and Carius (“ Ber.,” 174 , 1, 1874), 3 44 
per cent of ozone by similar means. 

Bcrthelot in 1878 (“ C.R.,” 86 , 74, 1878) observed the 
formation both of ozone and hydrogen peroxide in sulphuric 
and other electrolytes and that high anodic current densities 
were essential for the production of ozone. The conception 
of anodic current density as distinct from the utilisation of 
small anodes marked a fundamental advance in the electro¬ 
lytic synthesis of ozone. 

Persulphuric acid (H^S/)*) is simultaneously produced 
when very concentrated electrolytes are employed. 

Tho investigations of Borthelot were continued by 
liicharz (“ Wiedemann Annalen.,” 34 , IBS, 1885; 31 , 912, 
1887), who determined tho yields of ozone, persulphuric acid 
and hydrogen peroxide respectively with various current 
densities and varying sulphuric acid concentrations at 0 ° 0 . 
It will bn noted from the following tables that Richarz con¬ 
firmed the previous observer’s results as to the necessity of 
high anode current densities and relatively concentrated 
electrolytes: — 


VoletMfd Veditfm 
ttf O.J, ItihmHfd 
during a th-fimto 
firnh 

Ltdr-t. 

Tmld of Oxygen in ths Worm of: 

0mm. Pirsnlphmtc Acid* 

IMrm . 

24 , 

. — 

. 0*08 

tm . 

. — 

. 0*40 

7*47 * 

. — 

. 2*S2 

17*12 . 

. 0*04 . 

. 8*08 

»*0 . 

• 0*11 . 

* 10*20 

454 , 

• om , 

. 24*70 

05*7 . 

. 0*01 , 

. 89*00 

WM> * . * 


* . , 48*00 
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McLeod (" Trans. ("horn. Hne.,‘* 44, 51 , 1HKIJ) conducted a 
very thorough i»vi tigit ion into the eb'cirohtse preparation 
of ozone, he diowi d fin- impnt j awe. ,f th" various factor*, 
viz, add density, temperature of the enJofion and current 
(J**ri’4ly in which attention hid l« *•» drawn by previous 
investigate) s. 

From tiu* following figm* * th>- extraordinary good yields 
obtained by MeLt nd no- evident: 



Tim mfltieiifiis of the add dendty on th«* production of 
available oxygen in the electrolyte in the form of pcrndphtirie 
acid and hydrogen peroxide wan likewise investigated, the 
optimum production occurring with an and density of 
Bpocifm gravity J '20 with a current thmaity of 50 amps, per 
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sq. cm., as is evident from the following figures taken from 


McLeod’s data:— 



Current Demdy 
Amps.jSqAhii. 

Acid Demit ip 

Main, active (). 
Per 100 Main. II 
evolved. 

hi , 

l -00 . 

. 11*0H. 

m . 

. i*to . 

. 20* BO 

f#4 . 

. I *15 . 

. 25*8 

Oil . 

1*20 

. 24 

oo . 

. 1*25 . 

. 29*9 


With the introduction of the ionic theory by Arrhenius 
and van’t 1 loff in 18B7 a marc systematic investigation of the 
anodic reactions taking place during the electrolysis of dilute 
sulphuric acid was commenced. 

It was shown that if the potential difference between two 
platinum electrodes in dilute sulphuric acid he gradually 
raised and the current intensity bo plotted against the ap¬ 
plied electromotive force a series of breaks occurs, which 
breaks, on the ionic theory, correspond to different anodic 
ionic discharges, the discharge of hydrogen being the only 
cathodic reaction. Careful investigation has shown that the 
ionic discharges associated with each break in sulphuric acid 


and electrolyte are as follows 

jp* JA Anodic Dimharge, 

HXJ . . ..0"-*0 B 

mi ....... 20ir~*o s +H t o 

iw ....... . sa 4 '^n s so 4 + o ? 

Ml) ..HS0/-*(HSO 4 ), 

*88 ....... * 80"~^0* 











m 
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of anions without having to takes into account any cathodic 

reactions. 

If a platinum electrodes be saturated with oxygen under a 
definite pressure at a temperature of T\ and immensed in a 
sulphuric acid electrolyte?, normal in respect in its hydrinn 
concentration, electrical equilibrium will finally In* arrived at 
between the oxygen molecules, atoms and ion* in the elec* 
trodii and elect roly ti% the electrode hecomiug jHmitively 
chargee! relatively to the wilntiuii hy the discharge of nega¬ 
tively charged oxygen inns, 

*♦' ve 

! ^ 
l . 

§• Wf r 

I + i 

! .f- 

and a condition of equilibrium will obtain when the potential 
difference between solution ami electrode hecomni nidlmmlly 
great to prevent the diHtdmrge of any more tirgatiic 

If V he the electrode*eIectn4ytf' potential difference, 
/a 0 3 mid jd¥ f this molecular chemical potential** of the oxygen 
gas in the electrode and of oxygen ions in the Kohifkug then 
if we iinngirm the trangier of a quantity of electricity i* from 
electrode to aoiutfrtti, the electrical work will he equal to 
- VS#, the change in molecular chemical potential per mol 
will he id) t 2/iir, therefore, the work done on if in transfer 
of this quantity of electricity m equal to 
i/s^o* * tttr 

2r #;r 

where c is the chargu mmr’mU'il with one gram toft of % 
monovalent element 
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If the conditions of reversible equilibrium obtain, then 

Now g() a T(^O a + 14 log 7rO a ) for a dilute solution, where 
(f> is independent of the concentrations, it being merely a 
function of the temperature, 


similarly 


A*0" - > T(<£0" + 14 log CO"). 

. , mj) } + ioo« 1 

l ‘2e J 


v J 14T, 

V„ + 2e log 


CO" 

VttO./ 


Further, since in aqueous solutions 


fiO" + 2gH » /tH 2 0, 
,, 14T, 1 


c a J'i jttu .; 


which gives an expression for the variation of the oxygen 
electrode potential, with alteration in the hydrion concentra¬ 
tion of the, solution and the pressure of the oxygen gas. 

The value of V, is approximately - 1'35 volts, whence 
the value of the cathode potential for a hydrogen electrode in 
normal hydrion solution under a pressure of one atmosphere 
is + l"OH - 1 'do • 0-27 volts. 

If an oxygen electrode be sot up against an ozone elec¬ 
trode, the difference in potential between the two electrodes 
can be calculated in a similar manner and found equal to:— 


v:+ 



irO, 

v 0 3 ' 


Luther and Inglis (“ Zeit. t Physik. Chem.,’’ 43 , 203,1908) 
first attempted to obtain an approximate value for V." by 
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measurement of the potential difference between an oxygen 
and an ozone charged platinum electrode immersed in dilute 
sulphuric or nitric acid. They obtained the value 
v; - - 0-73T* volts. 

We have noted that approximately the same value, viz, 
- 0'8.’l volts, can he obtained by calculation from the Nernst 
heat theorem. Subsequent investigators have found con¬ 
siderably lower values: Nernst C'Zeit. Klektrochein.," g, HI), 
1903) obtained the value V. * O’fu, and Fischer and 
Hrauner {“ Ber.,” .vt, dbdl, ItilXi; tic vainer Ofijjo O'lli 
volts. It would appear from tin-» xperiue ntii of tic e latter 
observers on the thermal equilibrium, that the lower value, 
viz. - Q‘f>0 volts is probably more correct, ft is powwbk 
that the higher value * obtained by the uniter r xprnimnter, 
were occasioned by the presence of oxc/one (> t in the ozone 
round the < ledrode, and a reinvest tain of flu* elect rod ic 
reaction is clearly < mimntly desirable, 

From the above calculation js j>. evident that au extremely 
high uitode potential is requited to remove fie formation of 
ozone, whilst, in order to ensure it-, stability when produced, 
both electnsle and electrolyte must be kept coM Fincher, 
MaHHcnez, and Bendixsohn filch, Annrg. Cle m,,“ $a, 202, 
1907; 11,229, 1907; 6i, Id, ISO, it«9i, r* aluing tin *e im¬ 
portant factors, improved upon Mcl,end's r* ■ suits by adopting 
tho artifice of water-cooled electrode i, in addition to the sup¬ 
plementary cooling of the eb efrolyle. 

In their earlier experiments,a small platinum tube <1 mm, 
long was sealed to two terminal glass tubes and tervul as 
anodo; the tubo itself was covered with glass with only a 
thin atrip, 0 4 mm. wide, expound to the electrolyte, 
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Cold water was circulated through this anode, and the 
electrolyte was kept cool by immersion in ice water. 

Utilising an anodic current density of 58 amperes per sq. 
cm., and a sulphuric acid concentration of density 1*075 to 
1*10, a yield of 17 per cent, ozone by weight (11*3 per cent, 
by volume) was obtained in the anodic oxygen. 

A glass-covered, rhomboidal, platinum tube was then 
substituted for the cylindrical one, and one edge, 0*1 mm. in 
width, was exposed by grinding away the glass. The length 
of the tube was 11*5 mm., and it was maintained at - 14° C. 
by circulation of a solution of cold calcium chloride. A yield 
of 28 per cent, ozone by weight (19 per cent, by volume) was 
thus obtained. By embedding platinum foil in glass, and 
exposing one edge only, 0*01 mm. wide, to the electrolyte, 
slightly lower yields were obtained, viz. 23 per cent, of ozone 
by weight. 

In confirmation of McLeod's results, the optimum 
concentration of sulphuric acid lay between = 1*075 and 
1 * 10 . 

They noted that the quantity of ozone produced per kw. 
hr. rose steadily with continued use of the platinum, which 
became quite bright and burnished by the gas evolution in 
course of time. 


A yield of 7*1 gms. per kw. hr. was obtained at a potential 
difference of 7*5 volts, and an anodic current density of 80 
amperes per sq. cm. If we calculated the theoretical pro¬ 
duction of ozbne per kw. hr. from its heat of formation, i.e. 
34,000 calories, the yield of 7*1 gms. per kw. hr. indicates an 


electrical efficiency of only 


« 0*6 per cent. 


5 








6 fi mnm 

F. Fincher attmtmed flint tin* primary dtMdmrue of ezriite 
occurs according to list* c*pmtu>n - 

:icr-ci A e «a 

which ozmm in partly decomposed by ilir v.%n%\yhv action tif 
the anode Hurfaee. 

Other, hut hisf, etticaeiou'* mi thud - ha** h**n * nep* .fed 
from time to time fur rahunj: He* aimd** <h p< *?* utial, 

and thus inereaMnp the ye 14 <4 owm** 0 'iiuv.w ;md fi&rd- 
nor utilised a saturated erdnfinn of p<*t;n -run p« jm&n;umt$e 
in from 5 f§> H) per rtitf of * uiphuru* ;wm t ;md obtained 
relatively hit'll nmeenfiatiom* of <v> m , elonmjc »p*i 4 ran 
likcwiim he Hihutitufed for the pi tfnutu’arn*?* 

Bl, Kdlfio adopted the *nmewhut ili|y !#«• o imthud nf 
obtaining a high anode rtarojif 4* eMy. |r, * mjCMymt* 
moistened crystal# of phosphoric neid, or wi-fir poHdi nr 
soda* tU the electrolyte. 

lit thin way, tin* ideHndyW* win ffiv* n stifltre-nf rondne- 
tivify 6*r passage «f the current, y*d at tie- «onn*- time only 
point contact between tfr mmsiHied rry^aK and the »ft«ie 
was ensured, 

Archibald mid v«n \Varien!*crg t <# Kelt, \ \h\xt^rhm% /* iy # 
812, 11)1 i) pointed nut that the low ye M* uf ojmne aecom* 
panying the electrolyte* th*maupmlpm of dilute imiplmnc 
acid went probably occani'iowl by !h« ht|?h d«*i>r* e nf mriMtk 
polarisation tlnit wan produced when oj^rating ai high ear* 
rent ileniStFi, In agreement with Piarhnr tin y rniiaidered 
that the primary formal ion of or/irn* taken place according 
to th« itijimtion— 


mr ^ o* + fie, 
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ut that the subsequent catalytic decomposition of ozone at 
he electrode surface 

20 3 -> 30 2 

^as not the most important factor. It was suggested that 
le ozone thus formed is further oxidised at the anode— 

0 3 + O" 20 2 + 20, 

onsequently, if the anodic polarisation could be diminished 
ithout alteration of the anodic current density, increased 
ields of ozone could be obtained, since the secondary oxida- 
on would be diminished. 

A series of experiments were carried out in which an 
Iternating current was super-imposed on the direct current 
owing through the cell; this method of reducing the elec- 
ode polarisation having been utilised in the Wohwill pro¬ 
ves for the electrolytic parting of gold and silver, and in the 
ectrolytic preparation of hydrogen peroxide. As electrodes, 
lort platinum wires or platinum capillaries cooled with 
ater were utilised, as electrolyte sulphuric acid of varying 
snsity, whilst a direct and alternating current of variable 
^xdodicity was applied simultaneously to the cell. 

It was established that the optimum acid density varies 
ith the area of the electrode and not only with the current 
insity, more concentrated electrolytes being desirable for 
g electrodes as indicated by the following figures:— 

Area of Electrode Optimum Acid 

in S<1- Cm. Density. 

0-041 1-34 

0-333 1-478 

ae yield of ozone wate also affected by the periodicity of the 
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alternating current, especially with current* of low frnji«-n«’y ; 
above 20 perifnlh per second the effect v?uh not m marked. 
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It was noted that the applied potential dut* rence wv 'mry 
for the pannage of the current r«»-e until the ratio 

alte.rmtim, eurr.nl t , xw , (M ^ tls ,. n nt p,dlv ,unk until 
direct current 

this ratio becalm? eipml to <i, which wa-> found to he «» 
optimum. The potential difference wn>. found to wink with 
increasing current density. 

Their optimum yield wa« obtained under the following 
conditions: - 
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The most important result from a technical point of view 
was tho effect of the alternating current on the potential 
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difference necessary to effect the passage of this current; in 
the above case only 2*75 volts being necessary with an anode 
potential of 0*71 volt as opposed to 7*5 volts required by F. 
Fischer for direct current. We can calculate from the above 
data the production of ozone per kw. hr. as follows; 
96,540 coulombs or 26*8 ampere hrs. liberate 1 gm. equiv¬ 
alent, or 11*2 litres of oxygen gas. Under the conditions of 
operation, however, the liberated gas contains 37 per cent, 
of ozone which would result from the condensation of 55*5 
per cent. (37 per cent. + £ 37 per cent.) of the oxygen, which 
weighs 4*40 gms. Hence 26*8 ampere hrs. liberated 4*40 
gms. of ozone. The potential difference which has to be ap¬ 
plied to the cell to effect this liberation is 2*75 volts, thus 
4*4 gms. of ozone are produced by the expenditure of energy 
equal to 26*8 x 2*75 or 73*7 watt-hrs., representing an output 
of 59 gms. per kw. hr., or over eight times the yield. This 
yield approximates to those obtained by the method of the 
silent discharge, and it would appear possible, if larger 
electrodes, and a cooled electrolyte were employed, to develop 
this method of producing ozonised oxygen both for strong 
and weak gas concentrations for the purposes of technical 
production: 








CHAPTEB VI. 

PRODUCTION BY ULTRA-VIOLET RADIATION. 

In 1900, Ph. Lenard (“Ann. der Physik,” i, 480, 1900), utilis¬ 
ing a quartz mercury vapour lamp as a source of energy, 
slowed that ultra-violet light of extremely short wave length 
was an effective agent for ozonising oxygen. Both Lenard 
and E. G-oldsteia (“Ber.,” 36 , 3042, 1913) stiowed that 
ultra-violet light in the Schumann portion of the spectrum 
within the spectral region X = 120 w to A = 180 exerted 
the maximum activity in this respect; Goldstein, (loc. cit.) 
actually obtaining pure liquid ozone by means of a quartz 
vacuum tube. Eegener (" Ann. der Physik,” 20 , 1033,1906), 
who reinvestigated the matter, noticed the interesting fact 
that although light of wave length X, = 120 w to 180 fi/i was 
a powerful ozonising agent, yet light still in the ultra-violet 
portion of the spectrum of wave length A 230 /*f* to X = 290 p/i 
(especially X = 257 up) exerted an equally effective catalytic 
decomposing effect. Ozone is thus formed hy light of short 
wave .length and decomposed again by light of slightly longer 
wave length. According to E. Warburg the ozonisation 
effected by ultra-violet light likewise increases steadily with 
the pressure of the gas (“Dent. Phys. Ges. Vehr., 17 , 10 
184,1915). 
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Effect of Radiation of Short Wave Length. 

Since marked concentrations of ozone result when oxygen 
is subjected to irradiation in light of this wave length, it 
necessarily follows that the energy necessary for the forma¬ 
tion of ozone from oxygen 'is derived from the light, the 
process of ozone formation being a typical photo-chemical 
synthesis. 

According to Planck’s quantum theory (“ Vorlesungen 
iiber die Warmestrahlung,” M. Planck, Leipzig, 1906, pp. 100 , 
et seq.), radiant energy is discrete, and can only be emitted 
by an oscillator or absorbed by a resonator in definite quanta . 1 
The magnitude of the quantum bears a definite relationship 
to the frequency, of the light e = hv, where e is the magnitude 
of the quantum, v the light frequency, and h Planck’s constant 
equal to 6'85 x 10 _27 erg seconds. 

Quanta, or the units of energy, may be emitted or absorbed 
in single units or in even multiples of that unit at a time. 
Two hypotheses have been advanced to explain the directional 
motion of the quanta since it is evidently rectilinear in 
motion. A. Einstein (“ Ann. der Physik,” 17 ,133,1905) pos¬ 
tulates an entity for the quantum in the form of a light cell 
which moves uniformly in the direction in which its centres 
of gravity is projected. Sir J. J. Thomson (“ Proc. Phys. Soc.,” 
14 , 540, 1908; “Phil. Mag.,” 792 , 1913) has advanced the 
ingenious hypothesis which assumes that the light travels in 
the wave form as postulated on the old hypothesis, but that 
these waves are confined to certain directions, being virtually 

1 Ife is, of course, possible, and indeed more probable, to assume that radiant 
energy appears discrete because matter is discrete, and that the radiation 
itself is continuous. 
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VinTrs in Faraday tubes which project from the point source. 
A beam of light is thus compared to a bundle of a number of 
Faraday tubes, and light transmission is effected by trans¬ 
mission of pulses naturally of definite magnitudes, and there- 
fore in quanta along these tubes. 

The elements when raised to a high temperature emit 
light in the form of spectral series. In all elements two 
distinct types of light emission can usually be observed, 
namely, band spectra and line spectra. Various investigators, 
notably H. Delandres (“ C.R.,” ioo, 1256, 1885, et seq.) have 
shown that the elementary band spectra can be divided into 
groups related by the expression v = Bn 2 + /3, where /? and B 
are constants, and n a series of integers, whilst in each group 
the frequency of the bands v 0 are also related by the ex¬ 
pression :— 

i/ 0 = A (m + a) 2 4- d y 

where A, a, d are constants, and m a series of integers. 
Again, in the line spectra, J. J. Balmer (“ Verh. d. Natur. ges. 
Basel,” 2 , 648, 750, 1885; “Wied. Ann.,” 25 , 40, 1885), 
C. Runge (“B.A. Reports,” 576 , 1888), F. Paschen (“Ann. 
der Physik,” 27 , 537,1908, 35 , 860,1911), and J. R. Rydberg 
(“K Svenska, Vet. Akad. Handl.,” 23 , 155, 1890) have, 
shown similar relationships. 

From these and other considerations (see J. J. Thomson, 
“Proc. Roy. Soc.,” 14 , 540, 1908; 44 Phil. Mag.,” ip, 331, 

1910) ; J. Stark (“ Prinzipien der Atomdynamik/’Leipzig, 

1911) we deduce that a chemical element is not composed of 
homogeneous atoms or molecules, hut that each atom or 
molecule is composed of at least two parts, one which gives 
rise to a line spectrum ? and the other to a band spectrum 
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when excited. The light thus emitted is periodic in character, 
being produced by some form of oscillation or oscillators, 
each periodic movement corresponding to one series-of bands, 
or lines in the spectrum. 

From other considerations, such as the electrical pro¬ 
perties and radioactivity of certain elements, the composite 
nature of the atom receives confirmation. 

Sir J. J. Thomson, who first suggested this actual structure 
for the atoms, although speculations on the electrical nature 
of matter had long been made for the purpose of calculation, 
assumed the existence of a relatively large positive nucleus 
with the negative electrons (or corpuscules) distributed in it. 
A small positive nucleus with the electrons rotating round it, 
in fact a small planetary system, is now a common hypoth¬ 
esis. It is at present uncertain whether the inverse square 
law or some higher power such as the inverse fifth power 
conditions the rotation of the electrons. Information is also 
lacking whether the electrons rotate in big or small circles, 
i.e. whether the plane of their rotation passes through the 
centre of gravity of the atom or not, and it is also a matter 
of speculation whether the electrons are point charges, or 
consist of rings such as are found in the satellites of Saturn. 

It can easily be shown (see F. A. Lindemann, “ Yerh. d. 
Pfiys. Ges./’ 13 , 482,1911) that the amplitude of the vibrat¬ 
ing particle in the oscillator emitting light radiation is of the 
order 10” 9 to 10” 10 cms., or from 10 to 100 times smaller 
than the actual diameter of an atom; we are therefore forced 
to the conclusion that the oscillators, both for the band and 
line spectra emissions, are to be found in the atom itself. 
Much evidence has been adduced to show that the source of 
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infra-red radiation is the atom, of the visible light the charged 
atom, and of the ultra-violet light the electron, the band 
spectra owing their origin to the oscillations caused by the 
swing of a valency electron about the positive nucleus. 

If we imagine a valency electron circulating in its orbit 
with a definite and constant momentum, a definite amount 
of energy E must be supplied to remove the electron from 
the system. If the electron be nearly but not quite removed 
from the sphere of action of the atom it will oscillate about 
its mean position of rotation and emit light. The energy of 
oscillation must, according to Planck’s hypothesis be a mul¬ 
tiple of quanta, or :— 

nhv where n is a whole number, h Planck’s con stant, and v 
the light frequency. 

hence E must be > nhv to cause deformation and light 
emission; the smallest value of n is unity, so to cause light 
emission by deformation of the orbit of a valency electron— 

E = hv, 

"E 

or v must be less than —. It necessarily follows that as E, 
n 

the energy of deformation, is decreased, the wave length of 
the light will increase or be shifted towards the infra-red 
portion of the spectrum. The band spectrum of an element 
thus, according to this view, optically expresses the configur¬ 
ation of the valency electrons in the molecular system. 

The relationship between position of the band spectrum 
and complexity of the molecule in which the valency electron 
is oscillating, can be clearly shown in the case of oxygen. 

Monatomic oxygen, viz. 0, has a band spectrum in the 
region X = 245 to X = 333 /x/x (W. Steubing, “ Ann. der 
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Physik,” 33 , 353, 1913). In diatomic or molecular oxygen, 
viz. 0 2 , the band spectrum is shifted towards the ultra-violet, 
viz. X = 120 fjbfji to X = 190 fjbfji, since the energy E, required 
to remove a valency electron from two positive nuclei, is 
much greater than is required to remove one of the two 
valency electrons from the single positive nucleus of the 
atomic oxygen. In ozone, on the other hand, not only is it 
evident from its endothermic character, but also from a visual 
representation of three positive nuclei coupled by valency 
electrons, that the energy required to remove a valency 
electron from the ozone molecule will be less than from the 
molecular form, i.e. the band spectrum will be between the 
two former. In fact, a strong absorption is noted at X = 
258 fxii (W. N. Hartley, “ Chem. News/’ 42 , 268,1888). 

The oscillator of the series spectrum, on the other hand 
(J. Stark, “ Die Elektrizitat in Gasen,” Leipzig, p. 447,1902), 
is to be found in the positive ion resulting from the complete 
removal of a valency electron from an atom or a molecule. 
The notable experiments of Sir J. J. Thomson (“Phil. Mag.,” 
13 , 561, 1907, 21 , 275, 1911, ef'seq) on cathode ray analysis 
have indicated that such ions which have lost or gained a 
valency electron possesses actual entities, and can be distin¬ 
guished one from another by their difference in electrical 
charge; thus in the case of oxygen there have been isolated 
the charged gas ions :— 


+ 4 * 4 * — — 

0, O, 0, 0, 


as well as oxygen molecules of various charges. 

F. Horton (“Phil. Mag.,” 22 , 214,1914) has identified as 
carriers of positive electricity, giving positive band spectra in 
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oxygen, the following polymers of electric atomic weights 
8 , 16, 32, 48, 96. 

N. Bohr (“Phil. Mag.," *6, 476,1913) attributes to the 
oxygen atom a nucleus carrying eight unit position charges 
with eight electrons, of which only two appear removable by 
methods at present available. 

The Mechanism of Ozone Formation. 

We have already noted that the oxygen molecule when 
subjected to ultra-violet light radiation of the correct fre¬ 
quency for resonance may absorb quanta of energy. Similar 
conditions obtain for the iodine molecule in the infra-red 
spectral range and we may regard the primary cleavage to 
occur in a similar manner, viz.:— 

r 2 ^i^i 

0 2 ?0 4 0 . 

Warburg (“ Preuss. Akad. Wiss.,” Berlin, 872, 1914) has 
adopted this hypothesis to explain the mechanism of ozone 
formation. He assumes that the atomic oxygen resulting 
from the cleavage of the molecule secondarily reacts either 
with atomic oxygen to reform molecular oxygen as indicated 
by the reversibility of the above equation, a point clearly 
emphasised by Nernst from thermal considerations (see p. 29), 
or it may react with molecular oxygen to form ozone— 

0 2 + 0 = 0 ,. 

Warburg’s experiments, conducted under pressures of from 
30 to 400 kgm. per sq. cm., yielded a photo-chemical efficiency 
of 55 per cent, at 120 kgm. cm. 2 and 29 per cent, at 300 kgm. 
cm. 2 , indicating the plausibility of the above hypothesis. 
Weigert (“ Zeit. Wiss. Photoehem,,” n, 381,1912) obtained 
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a photo-chemical efficiency of 46*0 per cent, and a thermo¬ 
dynamic efficiency of 27*7 per cent. 

The reaction is primarily a molecular one and the energy 
of formation of a gram. mol. of 0 3 (34,000 cal.) should have 
its corresponding photo-chemical equivalent equal, as cal¬ 
culated by Warburg, to Nhv where N is the number of 
molecules per gram. mol. From the relationship 


TSlhv = 
(cal.) 


2*73 


X in cm. 

with a value of 34,000 calories for the heat of formation of 
ozone we obtain X = 800 /zya, as the critical ozonising wave 
length, or we must assume that one quantum of X = 200 
will form four ozone molecules. 

Ozone formation may therefore occur without gas ionisa¬ 
tion, a fact which was first demonstrated by Lenard and con¬ 
firmed by Ludlam (“Phil. Mag.,” 

23 , 757, 1912). 

We can easily deduce from our 
previous considerations on the 
mechanism of photo-chemical 
processes in the light of the 
quantum theory that ionisation 
of oxygen will be brought about 
by light of shorter wave length 
than that required to produce 
atomic oxygen and hence ozone. 

If A, B, represent the two 
positive nuclei of oxygen atoms 
in a neutral molecule and c , c\ 
one valency electron of each atom which has come within the 
attraction (partially saturated) of the positive charge of the 



Fig. 4. 
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neighbouring atom; the simplest line of cleavage is along 
resulting in the formation of an oxygen molecule with, one 
bond as link 0—0, "which can then react to form ozone— 
30—0 -> 20 3 . 

This requires the smallest amount of energy, and hence is 
effected by light of the longest wave length (> A = 200 
The simplest cleavage into neutral atoms takes place along 
the line b, l\ requiring more energy than is necessary to 
effect partial unsaturation, and hence shorter wave length, 
light X = 200 jl/ul. Cleavage along the line d, d' necessitates 
the removal of one electron from an oxygen atom and conse¬ 
quent increase of energy or light of a still shorter wave lengtJa, 
ca. X = 180 fxfji. The energy required to move a valenoy 
electron which is partially attached to two atoms on to one 
atom is of the order 1 x 10~ 12 ergs, to completely remove 
the electron requires a considerably greater expert, di tux: e 
of energy, A quantum of light energy in the visible or 
ultra-violet portion of the spectrum is of the order of 
>8 x 10“ 12 ergs; thus with very short wave length ligfcrt 
electron removal can easily be effected. 

Under these conditions we obtain monatomie oxygon 
ions— 

o 2 ^ 6 4 6. 

Ozone formation may result from this ionisation according to 
the following reaction :— 

20 2 4 6 4 6 = 20 3 . 

Xiight of still shorter wave length will actually remove eleo- 
trons from the monatomic oxygen ion (Ca. X = ISO /i/ul) 

4 ++■ 

0 -> 0 4 ©, 

which electron may attach itself to the charged — ve residue 
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provided that it be projected from the original ion with suf¬ 
ficient kinetic energy— 

6 + O -> o" 

Or again, it may attach itself more easily than as above to a 
neutral molecule— 

0 2 + 0 0 2 . 

In this way we can imagine the formation of the various 
charged ions actually observed during irradiation of oxygen 
by ultra-violet light of short wave lengths within the range 
X = 130 to 200 fifi. 

Construction of Apparatus. 

(a) Source of Ultra-violet Light .—We have already in¬ 
dicated that for the production of ozone a source of ultra¬ 
violet light rich in lines of the Schumann region (below 
X = 200) and if possible free from light of longer wave length, 
especially in the region X = 230 to 290 /m/jl, which exerts a 
strong catalytic activity in deozonisation. 

A glance at the curves representing the distribution of 
energy over the spectrum radiated from a black body at 
various temperatures will suffice to indicate that “ black 
body ” radiation is unsuitable as an efficient source of Schu¬ 
mann light. In agreement with the theoretical calculations 
of Wien and Planck the experimental observations of Lummer 
and Pringsheim (“ Ver. d. Deut. Phys. G-esell.,” i, 23, 1899 ; 
2 , 163, 1900) have indicated that, with elevation of the 
temperature of the radiator, the maximum energy emission 
E m shifts from the longer to the shorter wave length portion 
of the spectrum. Even, however, at sun temperature, 
ca. 5500° C., which temperature can only be approached with 
difficulty by the utilisation of carbon arcs under high gas 
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pressures, a black body radiator will have its E position at 
about A = 500 fift, or in the green of the visible spectrum. 
The fraction of the total energy emitted which will lie in the 
Schumann region of the spectrum Al to 200 fip will be re¬ 
markably small. 

We must, therefore, reject black body radiators and fall 
back on methods of obtaining selective emission and as such 
light sources we may utilise the arc, spark, or vacuum tube 
illumination of various elements. 

Arc and Spark Light Sources. 

Most metals exhibit strong Schumann and ultra-violet 
light radiation when the arc or spark electric discharge is 
made to pass between metallic electrodes. 

We may argue from the electronic structure of the atom 
that since the removal of a second electron from an atom 
which has already lost one, necessitates the supply of a still 
greater quantity of energy for its removal than the first, and 
as this energy is supplied in quanta, the value of hv must rise 
with each subsequent removal. Atoms which can loose many 
electrons without loss of atomic identity will therefore radiate 
light corresponding to high values of hv , i.e. of extremely 
short wave length. 

The elements which have been most widely used as 
sources of ultra-violet light are those of aluminium, iron and 
especially mercury, which can loose as many as eight electrons. 

The aluminium ultra-violet spectrum has been investigated, 
more particularly by Lenard (“ Site. Heidelberg, Akad. Wiss. 
Abb.,” 31,1910) and Morris Airy (“ Man. Lit. Phil. Soc.,” 
XLIX, 1, 1905), and iron by Lyman (“ Astrophys. Jour.,” 
38 , 282,1913). 
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Much work lias teen accomplished on the mercury arc, 
which is especially rich, both in green, violet, and ultra-violet 
radiation, most conspicuous where mercury vapour lamps are 
used as light sources. 

The investigations of Tian (“ C.R.,” 155 , 141, 1912) and 
Lyman (“ Astrophys. Jour.,” 38 , 282, 1913) have shown that 
“the spectrum is dominated by the broad unsymmetrical 
line X = 184*96 {*/*”. The spark spectrum of mercury is 
rich in lines, whilst the arc spectrum contains only a few. 
Other lines in the same series predicted by Paschen have 
likewise been observed at X = 140*2 /ijul and X = 126*9 fxyu. 
When viewed through a short column of air the line X = 
184*96 fjbfji is replaced by three groups of faint lines observed 
by Steubing (“ Ann. der Physik,” 33 , 573, 1910). Ionisation 
of the mercury atom by collision commences at X = 253*6 yufL, 
equivalent to a fall of potential of the colliding electron of 
4*8 volts—A. Lande (“ Phys. Zeit.,” 15 , 793, 1914), J. Pranck 
and G-. Hertz (“Deut. Phys. Ges.,” 16 , 407, 1914). 

Vacuum Tube Discharge . 

Of the elements investigated by means of the vacuum 
tube discharge, the remarkable activity of mercury vapour in 
the emission of light of short wave length has already been 
discussed, two other substances also exhibit a marked selec¬ 
tive emission in the ultra-violet region, namely hydrogen 
and carbon, the latter usually introduced into the vacuum 
tube in the form of one of its oxides, carbon monoxide or 
dioxide. Lyman (“ The Spectroscopy of the Extreme Vio¬ 
let,” Longmans, 1914) states that hydrogen surpasses all 
other gases in the wealth and strength of lines in the Schu¬ 
mann region. They extend at pressures of 1 to 5 mm. from 
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X = 90 fifi to X = 167-5 w, and this light forms one of the 
most important of all three distinct spectra which the 
element possesses. St. John (“ Astrophys. Jour.,” XXV, 
p. 45, 1907) found hydrogen to emit 250 times as much 
energy of short wave length as a mercury vapour lamp. 
There appears to be a distinct gap in light emission within 
the spectral region X = 167'5 fiptoX = 248"3 fi/j~ 

Delandres (“ C.R,” iod, 842,1888) noted a great number 
of bands in the ultra-violet spectrum with the rarified oxides 
of carbon in the vacuum tube within the range X => 130 ftp. 
and X = 210 fifi. 

When consideration is taken of the difficulties in the 
operation of an arc lamp with iron or aluminium electrodes, 
such as the automatic adjustment of the arc gap, the removal 
of the oxides produced during combustion, if the arc be open, 
or the volatilisation of the metals on to the walls, if the arc 
be of the enclosed type, as well as the great thermal effects 
produced by an arc lamp in continuous operation, which, as 
we have seen, militates against a high yield of ozone, it will 
be clear that the mercury vapour lamp operating at low volt¬ 
ages and relatively high internal mercury vapour pressures, 
or working at high voltages with only a few millimetres 
pressure of vapour, is the most suitable source of ultra-violet 
light which, up to the present time, has received systematic 
investigation. 

The utilisation of hydrogen vacuum discharge tubes, 
however, may possibly receive more attention in the future, 
since discoloration of the tube walls, so frequently noticed in 
mercury lamps, would be greatly minimised (see also Lyman, 
“Astrophys. Jour.,” 27 , 87,1908). 
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(b) Material for Lamp Construction .. 

The walls of the mercury vapour lamp must be trans¬ 
parent to radiation of this extremely short wave length, in 
order that ozonisation of the surrounding oxygen may be ef¬ 
fected. Ordinary glasses are singularly opaque, thus boro- 
silicate crown-glass, which is the most transparent of the 
ordinary glasses, passes only 8 per cent, of light of wave 
length X = 309 pp (Kriiss, “Zeit. f. Instrumentkunde,” 23 , 
197, 1903), and is opaque to light below X — 297 pp. Schott 
of Jena’s uviol glass was specially prepared by Zschimmer 
(“Zeit. f. Instrumentkunde,” 23 , 360, 1903) for ultra-violet 
transparency. With a thickness of 1 mm. fifty per cent, 
transmission of light at X *= 280 pp is effected, whilst a uviol 
microscope cover-slip is still transparent to X = 248 pp. 
Zschimmer further indicated (“Phys. Zeit.,” 8 , 611,1907) 
that pure boric anhydride and silica are very transparent 
even below X = 200 pp (and even below X = 185 pp), 
but that the addition of certain salts lessens their transpa¬ 
rency. Boric anhydride is 'slightly inferior to silica, its lower 
limit of transparency, according to Lyman, being X = 170 
pp. Fritsch (“ Phys. Zeit.,” 8 , 518, 1907) gives the follow¬ 
ing composition of a glass extremely transparent down to 
X = 185 pp :— 

CaF 2 6 parts. 

B 2 0 8 14 ,, 

M. Luckiesh (“J. Franklin Inst.,” 186 , 111, 1918) claims 
that a special cobalt-blue glass is more transparent than 
ordinary glass to ultra-violet. With the exception of Fritsch’s 
borate glass, which does not appear to have received any 
technical application as yet, extremely pure fused silica is the 
most suitable material for lamp construction. 
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Hughes (“Photo Electricity,” 1913, p. 137) has shown 
that fused quartz is still transparent down to X = 145*0 u .; 
a thickness of 0'3 mm. will transmit 24 per cent, of X == 1 840 
fjbfi, 36 per cent, of X = 197 ftp, and 40 per cent, of X = 

200*2 /tyt. 

Mention may be made of the naturally occurring nub- 
stances, which are even more transparent to ultra-violet 
light than fused silica, viz. quartz, fluorite,, and rock salt. 
Quartz in very thin laminae is transparent down to X ==» 145 
fifi, rock salt to X = 175 /jljj,, and fluorite to X =* 123 fj./x. 

In the Quain apparatus, which is tho only form of quartz 
mercury vapour lamp ozoniser in technical use, the lamp 
which is of the vacuum type and operated by a coil or mag¬ 
neto, at a terminal potential difference of circa 7000 volts, 
is inserted in a hollow aluminium tube through which the 
air or oxygen, undergoing ozonisation by irradiation from 
the lamp, is passed at a relatively low velocity. No litera¬ 
ture has been published dealing with the problem of the in¬ 
fluence of gas velocity on ozone concentration and ozone 
production per minute, but the following considerations will 
indicate that the optimum conditions will very likely 1>© 
formed when only a thin film of air passes over the lamp at 
high velocity. Dry and dust-free air is relatively transparent 
to light above X => 186 p/i, but nearly opaque to light below 
X — 178 fifi. Lyman (“ Astrophys. Jour.,” 27, 87, 1W8) 
states that 1 mm. of air will cut off most of the light Inflow 
X = 185 fifi, which, as we have seen, is the active light for tho 
production of ozone. Kreusler (“Ann. der Physik," 6, 418, 
1901) gives the following figures for the absorption produced 
by 20*45 cms. of oxygen:— 
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Light of Per Cent 

Wave Length . Absorption. 

186 32-5 

193 6-2 

200 negligible 

whilst Schumann observed an air film only 4 mm. thick 
(equal to *8 mm. of oxygen approximately) was sufficient to 
render all lines below X = 178 fip extremely faint. With 0*5 
mm. of air, light down to X = 168 fifx would be transmitted, 
and below 0*05 mm. in air thickness, the spectrum stretched 
considerably below X — 160 fjifi. It will thus be observed 
that the ozonising action of ultra-violet light, in so far as it 
is caused mainly by light of wave length smaller than X = 
200 fifi is confined to but a millimetre thickness or so of air. 

Lamp Efficiency. 

Pigures are not available as to the optimum conditions 
for the production of ultra-violet light from mercury vapour 
lamps. As is to be expected the ultra-violet light fraction 
increases with increasing voltage (see A. Tian., “C.E.,” 155 , 
141,1912). 

J. N. Pring (“Proc. Eoy. Soc.,” 96, 204, 1914) showed 
that no oxides of nitrogen or hydrogen peroxide were formed 
during operation and that the average ozone content of the 
air in the neighbourhood of the lamp was 0*01 per cent, at 
760 mm. and 0*0014 per cent, at 30 mm. air pressure. W. 
Chlopin (“ JZeit. Anorg. Chern,” 71, 2198,1911), on the other 
hand, detected the presence of both hydrogen peroxide, ozone 
and nitrous anhydride by exposure for a few minutes of 
ordinary moist air to the rays of a Westinghouse quartz 
mercury vapour lamp. 
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The ultra-violet efficiency of the various types of mercury 
vapour lamps on the market was examined by C. Fabry and 
Buisson in 1911 (“C.R.,” 153 , 93,1911), who obtained the 
following results:— 

Lamp . 

Wesfcinghouse . 

A.E.O. 

t» * * 

Westinghous© (ii) 

Production by Ionic Collision. 

In the previous discussion we have noted that molecular 
cleavage of oxygen into neutral atoms with or without sub¬ 
sequent ionisation may bo brought about by absorption of 
light energy, provided that this latter is of the correct fre¬ 
quency for absorption. 

The production of ozone depends primarily on the si mplest 
cleavage, viz 

0 s -*-0 4 - 0 , 

with subsequent synthesis of ozone, whilst secondary ozone 
formation probably results from the combination of charged 
ions, e.g.:— 

Ojt + O *’ Oj 

(see W. W. Strong, “ J. Am«r. (Jhem. Hoc.," 50 , 101 , 1913) 

The cleavage and ionisation of the oxygen molecule may 
also be brought about by other means than by the absorption 
of light quanta, such as by direct impact by a particles or 
electrons. 

Madame Curie noticed that radium salts were effective in 
ozonising oxygen (“ C.R," 1H3), a point at first disputed by 


l*ercmtage of Power Hup* 
plied » Hadiakd in Wave 
Length * M%m 820. 

8 

. 4*7 

. 0*85 

. 0*121 
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Ramsay and Boddy, hut finally confirmed by Griesel and 
Nasini and Levi (“ Atti. It. Accad. Lincei,” 17 , 46,1908). S. C. 
Lind (“ J. Amor. Chem. Hoc.,” 47 , 397,1912) and 0. Schoner 
(“ (hit., 1 ' 159 , 423,1914) showed that the a particles projected 
from radium ozonised oxygen; Lind showed, inter alia, that 
the number of ozone molecules formed were equal to the 
number of ions made by the a particles— 

0 , -> 0 + 0 
20 , + 20 - 20 *. 

In many of his experiments a slight deficiency in ozone 
formation was observed from that calculated, but under no 
circumstances was more ozone than the theoretical obtained. 
(Bee also W. I Hrnne, “O.li.,” 153 , 336, 1911.) It may be 
noted in passing that siiniliar results were obtained for 
hydrogen by W. Duane and Wendt (“ Phys. Rev.,” 10 , 110, 
1917), the presence of II* being clearly demonstrated. F. 
Kruger (" Phys. J5eit.,” 13 , 1040, 1912) obtained ozone by the 
ionising action of Lttnard rays obtained by the projection of 
cathode rays through an aluminium window and showed, as 
indicated m the following tables, that more ozone was formed 
per second than ions in oxygen, the number of molecules of 
ozone formed approximately more closely to the ionisation 
of nitrogen under similar conditions :— 


Ntt, In m Produced per 8m* m 

M(h Mali* 0 $ Produced per Sec. 

\ X to". 

N t n 10 “ 

x 10 14 , 

0*70 

0-0 

7*0 

(JM 

1*2 

1*1 

0**1 

1*4 

1*4 

0*21 

m 

0*88 


In the case of radium, practically all the ozone produced is 
formed through the agency of the a particles, the 0 and 7 
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radiation producing hat minor and secondary ttffctctn. The 
energy associated with each group of rays is dearly demon¬ 
strated from the following figures (“ I’hil. Mag.," 22 , MY1, 
1907):— 

Heating effect of 1. gm. radium » 110 gms. cal. per hr. 
a rays Kf.'i’o 
fi ., » til 

7 „ 1J d-f> 

With Rontgon or X-rays, on the other hand, ionisation is not 
so marked, since only about J atom in It- is ionised by the 
penetration of the rays into a substance. 

For ionisation to be effected by collision, the molecule or 
atom must be struck by the. a particle or electron with suffi¬ 
cient energy to discharge a valency from its normal orbit in 
the atomic sphere, ft will thus leave the atom with a certain 
critical velocity which it would also acquire if it hud been 
acted on by a definite potential difference. We may there¬ 
fore equate the loss in kinetic energy >>»Htained by the im¬ 
pinging a particle or electron as a result of collision with the 
molecule and the energy of discharge of the electron. 

If m be the mass of the, impinging electron, »*„ its incident 
and «, final velocity, its loss in kinetic energy will be: 
l(2m(v^ - ?>,’■*) whilst the discharged electron of charge < will 
possess an energy Vr. 

Hence i/gw(r„ J - t\ s ) V*\ 

A discharged electron or a particle will thus continue its 
passage through the gas, causing ionisation hy collision on its 
way until its velocity sinks to the value r 8 wliere 

3/2w*v’ « Vc, 
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the minimum velocity necessary to cause ionisation by colli¬ 
sion. Below this velocity the electron will merely adhere to 
a neutral molecule to form a negatively charged ion, the a 
particle will loose its charge to a neutral molecule to form an 
atom of helium and a negatively charged gas ion, provided that 
they have not come in contact with the walls of the con¬ 
taining vessel before their journey is completed. 

In the case of ionisation by electrons the value of 

r - 1-77 x 10 7 , 
m 

V - 2-82 x 10 “ M « 8 
or v<x JV. 

In the following table are given the electron velocities in 
cms. per second and the potential difference in volts required 
to bring them to rest 


V. 

V. 

1 

6-9 x Iff 1 

10 

1*88 x 10" 

m) 

0*595 x 10* 

um 

1*88 x 10* 

10,000 

6*96 x 10* 

100*000 

18*8 x 10* 

200,000 

27 x 10* 


For the minimum velocity required for an electron to 

HUH. MM. i,.*« CM AI 1-1 «t 1 A *% >»1*< 
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the requisite energy equal to Vr can be supplied by the kinetic 
energy lost by an impinging electron, i.e. l/'lmir, or by the 
absorption of a light quantum hv thus— 

Vr =» 1 /2m. v‘ SIS hv. 

Taking X -* LT) fifi we obtain the value 9*‘2() volts for the 
value of V determined in this manner. A value of H O volts 
being obtained by Compton (“ I’hys. Rev.," 8 , 41*2, l*.llf>), by 
calculation of the work necessary to remove a valency electron 
from an atom possessing Bohr’s hypothetical structure. 

Quantitative agreement between the yield of ozone calcu¬ 
lated and that actually obtained has, as has already been 
mentioned, been shown to hold for the case of ozonisation by 
a particle discharge by Lind. Cases of ionisation and ozon- 
isation by electron emission have given more variable 
results. This is in part duo to the great velocity ami rela¬ 
tively small size of the electrons which can pas--, through a 
vessel containing gas and conn* to rent on the « alb. without 
having made a great number of collisions, thus tic major 
part of its kinetic energy is still retained when it emerges 
from the. gas and strikes the walls Again, it apj»ar*. that 
every collision which an electron inukct with a molecule of 
oxygen, with sufficient energy to dissociate the molecule, is 
not always effective in doing so. According to 1*. Kirk by 
(“ Proc. Hoy. Hoe.," 85 , 181, 1911), only m per cent, of Mich 
collisions are effective. The yield of ozone by electron col¬ 
lision in oxygen, therefore, usually falls far short of the 
theoretical quantity. 








CHAPTEIi VII. 

PRODUCTION l?Y MRANK OF THE SILENT ELECTRIC DISCHARGE. 

Tub formation of ozone by this action of tho silent discharge 
on air in the only process of ozone production which has 
received considerable technical development and a great 
number of ozonisers of various types and designs have been 
incorporated in installations for tho economic manufacture 
of ozone and ozonised air. 

It may ho stated at tho outset that we do not possess 
sufficient information about the mechanism of the silent 
discharge to put forward a satisfactory explanation as to the 
vmlm iipi randi of a “ Hiemens tube,” nor can it be said that 
tho design and construction of ozonisers is on a scientific 
basis, since, with tho exception of a few generalisations based 
on experiment and a few suggestions based upon somewhat 
unsatisfactory and frequently incomparable theories, ozonisers 
have been built on tho rule of thumb and hit-or-miss 
principle. 

The following considerations, however, will indicate in 
some measure the intricacy of the problem:— 

If the potential difference between a point and a plate 
separated by a few millimetres of air space from it be 
gradually raised, the current potential difference curves be 
plotted, ami they will be found to possess certain character¬ 
istic features for both direct and alternating currents. The 
V, i characteristic curves for point plate and plate discharges 

have been obtained with great accuracy by Toepler (“ Drud. 

(«!) 









Ann.,” 7 , <177, 1902)and Iirion (» 'Amt. Kl.-ktronh. in.,’’ i.,, 24.’ 
1906) for direct currents, and by Crain|> mid Hoyle (“ Kksetre 
chem. Ind.,” 7 , 74, 1909) for alterimtinf* currents. 

The following indicate the series of cIuuij'ch in the chai 
actor of tho discharge obtained by Toepler : 


rtf pomt iff 

+ ut puml 



/ 

Fin. a. 
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Tf a very small potential difference be applied between a 
negative point and positive plate, a small amount will flow, 
the current being carried entirely by the negative ions 
present in tin* gas; the i, V curve will then follow Ohm’s 
law until the rate of removal of gas ions by the electric cur¬ 
rent becomes equal to the rate of supply, when the so-called 
saturation current is arrived at, which is independent of the 
applied potential difference. 

As the P.D. is gradually raised, negatives electrons are 
discharged from the point and participate in carrying off the 
current. The area around the point now becomes luminous, 
which luminosity extends towards the plate with increasing 
P.IX, the discharge becoming a typical brush accompanied 
by a slight crackling noise. At this point positive gas ions, 
produced at the anode by detachment of an electron from a 
gas molecule through collision with an electron travelling at 
high spued, will also augment the current capacity of the 
system. 

The resistance of the air circuit now falls quite rapidly 
owing to increase in conductivity by collision between 
electrons and the gas molecules and the brush discharge is 
converted into a high tension arc discharge. During the 
high tension arc discharge, the cathode gets extremely 
hot owing to bombardment by positive ions and the 
thermionic emission of electrons as well as particles of 
vaporised electrode material charged positively commencos, 
resulting in a still greater increase in conductivity; the high 
tension arc is therefore not stable but is transformed into the 
more usual low tension arc. For the production of ozone 
the electrically stable part of the discharge only, viss. the 
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non-Iuminous, the glow, and the brush discharge, come under 
consideration, since, as we have already had occasion to 
observe, the high thermal effects associated with both the 
high and low tension arc discharges are more than HUtliriont 
to mask any electronic formation of ozone. 

We have noted that thn transformation of the silent dis¬ 
charge into the high tension arc di«clcu'>:> rimir- ate r She 
whole inter-electrode space has been filled w ith fin dte barge 
glow, which makes its fird appearance in th*- ,o called 
corona light. The nature of this bituim ncence i.. n-o c early 
understood ; that it is a, function of fb>*ei»jujio itioo o; sh>* «» ih 
is shown by the experiments of K Un >>onb*id i" it l’,l l.tro- 
chem.,’’ 17 , 723, 1911), who noted that tie di eh us 1 p.nk 
in nitrogen, blue in hydrogen, white in rhhmt e, “ bln }!*•• 
combustion of iron wire m oxygen,'' t*n»i gr» » m b 'nine in 
oxygen. 

Bir J. 3. Thomson (” Conduction of Klcctricity through 
Gases," 19011, pp. 478-512) has shown that at the moment 
when both anode and cathode glow ttmkc their lipjicftmucii 
there is a very great increase in conductivity of the gas 

space, and advanced the hypothesis that ju*4 prior to the 
appearance of the glow discharge the atoms have acquired 
internal energy by collision with electron* and by absorption 
of soft Bbntgen rays, generated by adliwormof electron* with 
other atoms, until it ha* nearly approached the critical value 
at which the atom become* unstable and lutmnon*; that 
ionisation precede* the luminous discharge was clearly 
indicated by I>. Mackenzie (“ Phytt ftev,." 9 , 291, 191.1). 

According to K. Nestonth (“ Phil. Mag.,” j», 244, 11)15) 
there always exist* a definite ratio between the itui iunt of 
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radiation and the number of gag ions formed by such 
collision. 

Kir .7. J. Thomson and R. Threlfall (“ Proc. Roy. 8 oc.,” 
40 , 340, 1K8C>) clearly showed that ozone formation in the 
silent discharge tube was associated with the production of a 
luminous glow, whilst a similar conclusion was arrived at by 
E. Warburg ('* Ann. der Physik,” 17 , 1 , 1905), who advanced 
the hypothesis that ozone is only produced by electrons with 
sufficient kinetic energy to cause themselves to become 
luminous. 

The view that the corona and brush discharges arc at 
least in part due to ionisation by collision is supported by a 
series of experiments which have been made on the corona 
“pressure" phenomenon by H. P. Parnweld, J. Kunz, and 
especially Townsend and E. Warner (“ Phya Rev.," 8 , 285, 
191(5). It is evident that if the molecules break up into ions 
m a result of ionic collision an increase of pressure should 
result. In an enclosed gas space subjected to the brush dis¬ 
charge, this pressure increase has actually been noted, and 
when corrected for the unavoidable temperature increase the 
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tho ozoniscr is so operated that the luminosity of the silent 
discharge glow is at a maximum. 

Many conflicting statements have been published relative 
to the yield of ozone per kilowatt hour «d»t uinable in ozonisers; 
on analysis those are found to he due t <> the faet, that many 
investigators have ignored the primary eondd* ration affecting 
tho production of ozone by this m< uuh, viz. the relationship 
between ozone production per kilowatt hour and tin concen¬ 
tration of the ozone, it is evident that *4 a d« tiinfe volume 
of air he subjected to the ;ob*u! e.Vrtrie discharge, ih«* ozone 
concentration in that air wd) rise to a certain d> linste value, 
C„ the “ limiting " coneentration. When tin . concentration 

is reached, the rate of formation of o/one ^ ‘ wdl h> * qua! to 

its rate of destruction hy thermal, rataht'-c and ether eth-rfa. 
Thus, in the enclosed vohum of air, *h> apparent ozone pro¬ 
duction per kilowatt hour will l»« /* r<* whil t th<* actual pm- 

duotion will foi A<* a fmt apprormntmn it may lie 

taken that the rate of catalytic i* proportional 

to the concentration of ozone or - Kt ’», thus the energy 

required to produce strong conrentraiwiw of ozone in a 

stream of gm will he a great deal more than m nwriwaary to 
produce the »me amount of mmn m % very dilute date. 

As clearly pointed nut by Allround ('* The Princip!*!* of 
Applied Kicctro-ChemiHtr.v th<* duty -d an ntmtot 

be obtained without a knowledge of the following data t-- 

(1) The limiting yield> or the yield per sw|»trB hour at 
zero concentration. 

(2) The maximum concentration of oaswtie obtainable. 
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(3) The rate of variation of the yield with the concentra¬ 
tion. 


Influence of Current on Yield of Ozone. 

Owing to the difficulties inherent in the construction of 
high-tension (4000, 10,000 volts) generators the current for 
ozone installations is usually derived from static transformers. 

The static transformer may operate either on alternating 
current or on direct current with a suitable interrupter in the 
primary circuit. 

(1) Static Transformer with Alternating Current Generator . 

If a conductor such as a piece of wire describe simple 
harmonic motion in front of the pole of a magnet as is ob¬ 
tained in the rotation of an armature between the poles of a 
magnet, a current varying in intensity from moment to 
moment will be induced in the conductor. 

Both E.M.B. and current time curves will follow those of 
the sine or cosine curve. 


i 



The E.M.F. at any time t being given by the relationship 

2 irt 


E = E„ cos 


T 


the current in a similar manner by i = i. x sin 


Qiirt 

~T' 












08 
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ff the circuit were entirely imn-indnetive, fJit* volt “Ampere 
curves would naturally be MiperimpM’-ed, at anytime 

the current flowing, would, in accordance with ohm's law, 
bo strictly proportional to tin* applied In actual 

practice self-induction is always, pro*-' nt, being .1* Sim-d m the 

value of the integral— 

. ffros? tit <ti 


Jjros, tl 


where til' in the current circuit. 

The product L/ may be t< im* d »h* «h eire tl moment tm 
acquired by the eitrmtt in lie eirrml, urn! < tbm*- l-rn tee, m b« 
modified to include the rate of t teuige >if >•{», tu >,») m-'mi-ntiu 
ah well as the iiedantaneotH enroot 


./lot *iv< 

<,„) hcm T 


M H K t ‘Jw-f 

tit * i/ 1 / 'i ■ 

The solution of this equation w given 


where 


t/ir . 


4 ,, Shrli 

U " KT 


There is therefore a lag between the current and K.M.K, 
curves, ami the maximum value of the current never exceed* 
E 

/•' „ whm* the expression under the square root 

V«‘* c ?)U 

the " impedance ” takes the place of Ih 
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Heveral generalisations which have- an important bearing 
on ozoniscr designs follow from these considerations. 

Firstly, largo currents cannot be obtained in systems of 
high inductances, and with increasing values of the periodicity 

the inductance term becomes the only ono of significance 

in the resistance of circuit. 

^7rtT i 

For high frequencies "^ r - will bo largo, consequently 
augmenting tan a, making a the angle of lag approximately 
equal to 

., . ‘lirt 

K, Hill ,j, 

* ' > + ’ 

or when cos ■» 0, sin -* 1, the E.M.F. will therefore 

bo at a maximum when the current is zero and vice verm. 
The Wattage consumption E„t„ will bo equal to 


,,'Irrt f'lirt 
Iv cos r j, cos ^ ,j, 


o when a is 


W«w a , „ , f 4E„ a R 

s for small values of a 

+ucjy ♦ C£) i* 


For K » o or a there is therefore no energy consumption, 
whilst for some intermediate value there is a maximum energy 
consumption. 
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For ,, , , to hi* a minimum 

K> + (f,T) 

fi* miiHt oquul (7|T| '*r It I', 

If a condenser of capacity (’ be plan-d in circuit with the 
secondary system we can in a similar inanour obtain the ex¬ 
pression for the relationship la-tween the varying potential 
difference and the charge on the plates. 



By suitable ndj»'<tni« m nf {(,*> rood- a>-> r, i.»- making 

rp 

(J 2fl.jp w,t fi*'t larger amount.; through •! • circuit for 

a given applied potent ml differ* than 4 tie <un ni* were 
closed by a wire. 

According to K’lhakjnm {“ l‘hy» B« v ,y, 117 , Biltij the 
limiting yield of < atone iiirreaM * with «t. «-r, capacity, 



whilst the efficiency of u*um* production at a definite cmj* 
centmtionrkwiiiwa with d» crewing rapacity. 

So far we have assumed that the iwtitance B «f the cir- 
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cuit is non-variant, but as we have had ocean ion fco observe 
the conductivity of tho air gap in the discharge apparatus 
varies with the current. Largo currents causo tho gap to 
become more conducting, permitting under a constant applied 
K.M.F. still higher currents to pass, ending finally in spark 
and arc discharges. The sinuous character of tho curve will 
thus be altered, the maxima a, a being increased for this 
reason to higher values b, b. 

(2) Direct Current with Interrupter. 

Hmall coils with magnetic or larger induction apparatus, 
with mercury or Wehnelt typo of make and break on the 
primary, also yield a periodic current which, however, no 
longer possesses the sinuous character of the alternating 
current machine, but consists of a number of periodic current 
makes and breaks as is depicted in the following curves :— 



VVifk. Cond* 1 )**'' 






102 


ottos I* 


place at the point of optimum ninvnt flow, mlarli prartjr&lly 
coincides with this period of nmmmnm conductivity of Um 
gas. Thu spark discharge itself in oscillatory in character 
having a period T ^ awl will po^vm a cMtrvn of the 

following form 



According to the investigat ion# nf Kahakjivifi | M JUiyi* 
Rev. f M 3 i # 111, Illlii) tin? hrit*h discharg** itwlf may tinder 
conditions of high rates of iU th t st wii ■rilUtory 

character of the spark discharge, 

(fit injta* m t on {'riftirp *,>* U > m |f gv *, } If ado 

sur 1’Ozone* C.K.V.*" 135* Itftfiti ©latMicd that there was for n 
fliiifl air gap in a given ommmr n practically linear relation* 
•hip between the ozone yield §mt ampere timir and the 
potential diffcrenc* 1 $*%%,%cm f* 4 {# r'teMlr'H, *'%p ^$\* 

manta have shown that (Ih&ssy** conclusion* wore not entirely 
correct li Warbttrg ("Ann <h-t l%% A** ij, 4<a* llltll) 
•hewed that provided that tfo patent ml different*** applied 
wm sufficient to maintain a uniform gkm at Hit? point of th© 
air gap, the yield of wt/mp wm in fop n<h nl *4 flit 

voltage as is shown by the following figure* 
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Current 
1 x I0- 6 . 
57 


Voltage of Oms. Ozone 

Point. per Coulomb. 

. 4,200 . . . -0375 


57-5 .... 9,880 . . . -0386 

57-2 .... 11,700 . . . -0387 


•A.. W. Gray (“Ann. der Physik,” 13 , 477, 1904), utilising a 
standard Siemens ozoniser, likewise found that the yield per 
coulomb was constant and independent of the voltage pro¬ 
vided that uniform illumination was maintained in the dis¬ 
charge space. 

Kabakjian (“ Phys. Rev.,” V, 31. 17.1910) found that the 
ozone output per coulomb rapidly rose with the voltage until 
a* potential difference of 2,700 volts with a 1 mm. air gap and 
3,200 volts with a 2 mm. air gap was reached after which no 
further 1 increase was noted. At these voltages presumably 
** saturation” of the field with the brush discharge was just 
effected. 


Influence of Current Density. 

With a constant regime established in the working of an 
ozoniser the quantity of ozone produced per coulomb is 
practically constant, for a point discharge on the other hand, 
the yield per coulomb varies with the current flowing, as is 
shown from the following figures obtained by Warburg:— 


Positive Pomt. 

Negative Point and 
Positwe Plate. 

Negative Pomt and 
Positwe Cylinder. 

Voltage. 

Current 

1 x 10- 8 . 

Gramrpes 
O s per 
Coulomb. 

Curreni 

1 x 10- 8 . 

Grammes 
0 3 per 
Coulomb. 

Current 

1 x 10 

Grammes 

per 

Coulomb. 

8,420 

28*8 

0*0172 

17-4 

0*0489 

_ 

0*0481 

10,400 

57*2 

0*0600 

25*1 

0*0459 

29*1 

0-0386 

12,000 

94*2 

0*0630 

57*2 

0*0375 

94*2 

0-0370 
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Thu vamfion in thr .< Si;: in ;< H?tnha?*0 hy Wiuhtn*; 
to the alfentliutt in tin; vnlum** of t!<<• « or. ma >'.,w ’n she ths; 
cluir^f space under fin- var\in ' v<t’j no-In S > m> u t\ pe 
of ow miser opera! in;; mol* r the opi’annu t». he ui>. 

tainnrl a value of (J’tJOO fme . p> f eo'il*m;k a h -u- <■' 
by A. W. ( «ray <“ \nn. tit r l 'In •»!;,’ i,$. S'. <, I'u♦ 5 . 

Thcne lif'ure*. show m*hi»' li/ht '-n "lx neo-han • u> of 
formation. *,v> tnn h<- . hwn I \ * 1* *fr f: * 4* <mm- 
posiition or liy of ffm rimry* *4 ilio * VHmm 

togcttlmr with I la* * nniiiJ^r «4 mol* iml* . m t frtiii ii^^rn,ii% 

90,540 Coulomb M** 0 Wifh my t fyviHyf nf )% 

ititistaiiee, it in fr^ ( ;tnly frJImr llm if | r jitm 

duccd % M*nm farm <»f * >mi .1 y*, * ’V n m Ha /*i j f %r% t a 
limit k mi in flm sjmiiiHty **4 <»/ m* nimiiiy <i j < r * mil* mH 
W«? may, of tmuim*, m am*. f t f| ir 

of f Jjim If rtifilir* i jm f t i m.iH 4 y 4 )i lN for. 

matron of a tmthmn}* of o/njoy }yit 4! m * *>m* of ffm 
maximum yu H far tin mm morn trw’?<r% 4 tr *4 hum*#! 
on the ?§y inti j 4 mil * f ih f*4«*vio; p » 4 ■* * • * yy t *'«• af 
vcractiona^ 

II. 4 yot fi 1 11 
l| y % II - 

ii» ©tie ttciliiciil# of ©mim Iwt form**! for 

imimlnml Fort) rinl$f 4 fly r* fair 

foriiirf for % rtttrofit mnu^pit^n ut *MJiW /*!#*, 

041005 gll« ? jrr r^nlomlf ft ?«| nrHM li^l tlm ’|i|^i4tilir<i 
iif outfit rirtiwlly jif^4oyfa| j«-i 4 %,^ I I la* 
ifilliw tinit%y rti ii lit nsffi fly ' i ih\v jp?i n* ot Iht n* 
suit fawn table ti» n/ou* faiiiailmfi by 
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Wo aro forced to the, conclusion, assuming the accuracy of 
Warburg and Gray’s experimental data, that most of the 
ozone is of secondary origin and is produced by collision 
between electrons both primary and secondary and gas 
molecules. 

Kruger and Moeller (“ Nernst Festschrift,” 240, 1912) 
have suggested that one electron may liberate, in the case of 
the positive point discharge, seventeen secondary electrons, 
and fora silent discharge in metallic tubes 287 secondary elec¬ 
trons, which would necessitate velocities produced by applied 
voltages of approximately 100 and 50,000 volts respectively. 

Influence of Wave Form. 

The hypothesis advanced from the previous considerations 
that ozone formation is produced by inter-molecular and 
electronic collision, and is not a phase of gaseous electrolysis 
between the electrodes, is supported by a consideration of the 
effect of the wave form on the ozone yield. A. Vosmaor 
(“ Ozone," Constable, 1910, p. 70) states, " a very peaked 
wave form would cause a greater distance between regular 
working tension and ordinary maximum tension and thus 
facilitate the brush discharge. On the other hand a flattened 
curve would give more available energy in the domain of 
working and would give a better output of ozone . . . there 
is not so much difference in wave form to be of any import¬ 
ance.” It is clear that this investigator does not consider 
wave fonn of great importance and his views have been sup¬ 
ported by many other observers. Those, however, who have 
had occasion to make use of the oscillograph and thus have 
been able to plot the wave form with accuracy have noticed 
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I'uschin and Kauehtschov (“ J. Rush. Rhys. Oh cm. Hoc.,” 
46 , 57(5, 1914) have likewise shown that the yield of ozone 
increases with the frequency, but that the optimum frequency 
wan dependent on the applied voltage as indicated by the 
following figures:— 

I'eriodicity. Applied Voltage. 

1210 6500 

050.7000 

600 . 8000 

For a constant air-flow an increase in periodicity above 
these limits decreases the output of ozone, whilst an increas¬ 
ing air-flow displaces the maximum towards increasing 
frequencies. 

In a general way it is not difficult to offer an explanation 
of the increase in yield of ozone per coulomb with rapid 
alteration of the current flow or increasing tension of a 
current impulse, if we regard the formation of ozone due to 
electronic and molecular collisions. 

At any given instant we may regard the current flow as 
constant; then proceeding from the negative to the positive 
electrode there will bo a stream of electrons which, in their 
passage through the gas space will ionise part of the gas 
therein. The effect of the electron stream on the oxygen 
fraction of the gas is three-fold:— 

(«) A splitting of the molecule into two neutral atoms by 
direct impact™* 

()j «* C) *t* o. 

As we have seen it is by this disruption that ozone is chiefly 
formed in ultra-violet light. 

(fi) An ionisation of the molecule or atom by impact— 
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Influence of Gas Floto and Composition. 

We have already referred to the fact that the output of an 
ozoniser is governed by the concentration of the ozone formed 
during the discharge, since for high concentrations the rate 
of deozonisation is increased and the apparent yield of ozono 
per kw. hr. decreased. In the curves on next page aro 
shown the relationships obtained between yield and concen¬ 
tration by utilising a standard Biemens and Halsko industrial 
ozoniser (Erlwin, “ Zeit. f. Bauerstoff and Stickstoff,” o, 143, 
1911). 

Warburg and Leithauser (“ Drud. Ann.,” 28 , 1 , 1908) 
made a very extensive series of experiments on both glass 
and metallic ozonisers to determine the influence of the ozone 
concentration derived upon the yield. Their results are 
tabulated in the following columns:— 
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It will be noticed that the conditions most favourable for 
the economic production of ozone obtain with low concentra¬ 
tions of ozone or relatively high flow rate of air. High air 
flow rates likewise servo to keep the ozonisor cool, an impor¬ 
tant consideration since the catalytic decomposition of ozone 
is considerably accelerated by high temperatures. 

For technical operations the air-flow rates are accordingly 
adjusted as to give the minimum concentration of ozone 
which will prove effective for the process under consideration ; 
for under these conditions, although more energy must bo 
expended for pumping air, yet a very considerable economy 
is effected in the ozone production. 

The concentrations of ozone and the yields obtainable per 
kw. hr. are higher in oxygen than in air, but the employment 
of oxygen instead of air does not prove to bo economical in 
practice, although concentrations up to 150 gms. per cubic 
metre, or nearly three times the maximum concentration 
attainable with air, can be carried out. 

The yield, however, does not increase indefinitely with 
the oxygen pressure, thus, II. von Wartenborg and L. Max 
( u Zint. f. Flektrochem. 14 , 879, 1918), operating with an 
ozoniser constructed to withstand high pressures with an 
interpolar space of from 2 to 6 mm. and a current of 1 mi Hi- 
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conditions. Taking *54,000 calories as I ho heat of formation 
of ozone, this represents » theoretical yield of 1'2 kgms. per 
kw. hr., or industrial ozonisers have an efficiency of only 
5 per cent, in air or Jf> per cent, in oxygen. 

Air suitable for ozonisation should be free from dust, 
which favours the passage of sparks, and from certain gaseous 
impuritios such as oxides of nitrogen, chlorine, and more 
especially water vapour. All three gn;;e > appear to exert a 
distinct inhibiting effect on the formation of ozone, in addi¬ 
tion to a deozonising action, which i. especially marked in 
the case of chlorine and nitrogen dioxide. Tin- function of 
these gases as catalytic dcozonixern will he n torn d to later. 
The inhibiting action, which i;? most mark) d in the care of 
water vapour, has been attributed to the formation of me t, 
which serve as nuclei for tin* eomtoniuituui of the ju*» tons. 
Under these conditions of condensation, the velocity of the 
ions is naturally reduced tuid their power of ioni in;; or 
breaking down a molecule into atoms is enmi-pmaiingly 
lowered. Undried air at ordinary temperaturet. having a 
water vapour pressure of ru. 7mm If/t has a limiting v>* hi 
of ozone which is only tit) to 70 per cent. «»f the air when 
dry; in the presence of moisture likewise the foi mutton of 
oxidos of nitrogen, due to the thermal effort,»< of * parking ns 
well as the possible interaction of ozone with some form of 
active nitrogen produced in the spark de.cbarge, to » tmlly 
occasioned. T. Lowry ("4.C.B," lot. UOJ, Hthii, in an in¬ 
teresting research on the effect of the silent and spark dis¬ 
charges on air, showed that in dry air oxides of nitrogen were 
not formed under the experimental conditions by paxiotge 
through the ozoniaer or the spark discharge gaps. When 
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passed, however, through both in series, or when the air 
currents subjected to each discharge wore mixed, oxides of 
nitrogen wore produced. 

Lowry came to the conclusion that in the spark discharge 
an active variety of nitrogen was formed which was easily 
oxidised hy ozone. 

Dielectric Material. 

We have already noted that tho yield of ozone per kw. 
hr. at a definite concentration increases with the increase in 
capacity of the ozoniser, but that tho limiting yield decreases. 
In addition it must be remembered that extreme variation in 
the size of the air gap or interpolar freo space is not permis¬ 
sible, since too small a gap will permit the passage of sparks 
and possible arcing with minuto variations in the applied 
. whilst with a lame intornolar free snace the luminous 


.ffO. 








114 


OZONE 


If the two plates are charged with a quantity of cic?etriuity 
of surface density <r, the attraction, at a point P b ituuti? in ciiiu 
plate, by the other plate which is separated from it by the 
interpolar distance (a) is— 

t^Trrdrcr cos 6 __ p27rB tan 8 <rQ Beer (hlfi ron ll 
a 2 sec 2 6 ~~ J «■ 


F 


x 2 sec 2 6 


a m Bee* 


= 1 2 % rcr sin 0 = 27TCT. 

J 7T 1 

-g- 

At a point between the two plates the attraction dur to 
plate is 2tto-, thus, with a positive charge on one plat* 4 and <4 
negative charge on the other, F = 47 t<t. 

If the potential difference be V, and the total charge 


then 


V 


4 ?r<7 


4?rQ 


A being the area of each plat**, or the 


capacity = 0- = A_, 

V Ptt a 

if we neglect the irregular distribution of the stream imr 
near the edges of the plates. 

On the insertion of a piece of plate glass of thickm-* < h 

between the plates, the equivalent air thickness is 4 , win re 

K 

K is the specific inductive capacity of the glan*. hc-nr*- t},». 


new capacity will be augmented to § 


mill 


^ j 

the interpolar distance of air space reduced to « - & iif 
this means we have augmented the capacity and ****** 
the interpolar distance of the ozoniser, and thus inrre*,,* lt , 
efficiency; at the same time the tendency to sparking and 
rapture of the gap between the electrodes is diminish,* «i„» 
e mechanical force per unit area is likewise reduce*, and 
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the possibility of the flow of currents of high densities natur¬ 
ally excluded. 

The following are the approximate values of the specific 
inductive capacities of the more common dielectric materials, 
dry air being taken as unity :— 


Material. K. 

Paraffin wax.2-3 

Rosin.2-6 

Ebonite.3-2 

Sulphur.3-8 

Glass.6 to 7 


The c hoice o f dielectric material is naturally limited^ since_ 
it has to withstand both high temperatures and the destruc-^ 
tive oxidising action of the ozone. Amongst those which 
have been suggested may be „i&§ntiQngd:_ shellac, mica, 
quartz, gl ass , and artificial insulators formed by condensation 
of phenol and formaldehyde, the so-called Baekelites; glass, 
howeverj is the onlx.matenal„which..has received extended 
techn ical .application. 

The effect of insertion of a solid dielectric in the inter- 
polar space is, however, not so simple as indicated by the 
above considerations, since like other materials, not only are 
they imperfect insulators, but many of them possess the in¬ 
teresting property of acquiring residual charges. We may 
regard the dielectric medium to consist of a number of con¬ 
ducting particles embedded in an insulating material, the 
fraction being smaller in the case of the more perfect insula¬ 
tors. If this fraction be denoted by u, then the specific in¬ 
ductive capacity can be calculated approximately from the 
relationship■ 
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u being determined from the molecular specific volume 

When a strip of dielectric material is charged up to a 
high potential, after discharge it will bn found to acquire a 
small charge on standing, which is often sufficiently great to 
raise the potential of the dielectric up to volts. This 
property of acquiring a residual charge is only possessed by 
those bodies which possess the property of exhibiting elastic 
after-effects, it is never shown by simple Huhstances, but only 
by mixtures such as the glasses; thus xylene and paraffin 
oil alone do not show this effect, but on mixing the two, tins 
residual charge is apparent. One of the constituents must 
also possess a certain amount of electrical eonduetivity. 

It is interesting to note that Kiownfeld (“ Zmt. Klektro- 
chem.,’’ 725,1911) failed to obtain a brush discharge with 
pure quartz glass, although such discharges are readily ob¬ 
tained with all forms of glass', which may contain quit* large 
percentages of silica, attributable to the slight electrical con¬ 
ductivity of the glass, and its |sisse«Hinn of a residual charge. 

Two other important properties of dielectric materials 
must be briefly alluded to, namely, the alteration in conduct¬ 
ivity with elevation of the temperature, and the modification 
which the dielectric undergoes when subjected to electrical 
stress. 

It is well known that the conductivity of glass at even 
slightly elevated temperatures rapidly increases, Mond and 
Langer and Huber have actually used solid glasses a* 
electrolytes at temperatures between ‘200“ and 000* C. Local 
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overheating at one point in the dielectric, dire to a slight ir¬ 
regularity in the current flow, will thus cause an increase of 
conductivity at this point, with a corresponding augmentation 
of the current. Fusion and finally perforation of the glass 
results. It is for this reason that porcelains, which possess 
temperature coefficients even higher than those of the glasses, 
are unsuitable for dielectric material in ozonisers. 

Kerr noted that the optical properties of dielectrics wore 
considerably modified by the application of electric stresses. 
These modifications are influenced by the period of lime for 
which the stress has been applied, thus Fleming (see “ Araer. 
Kuppl.,” 45, 1912) showed that the conductivity of a dielec¬ 
tric varied with the frequency of the applied alternating 
current, and Lipp (“ Hochspanning Technik ”) found that 
the applied voltages necessary for perforation of thin sheets 
of dielectric material varied with the period to which the 
dielectric material had been subjected to the electrical stress. 
The perforating potentials for the usual dielectric materials 
are approximately as follows:— 


Material, 

Perforating Potentials i 

in Kilovolts per Qm, 

Mto* . 

. 600 to 760 

Miami la .... 

. 400 „ 600 

Porcelain . 

. 100 

OhkM ..... 

76 n 800 

\m& glew ♦ 

. 1000 

Air f * A tit win »a! M. Cimonta,” 

• a, 19B)— 


7000 volts par 1*5 am. 
97,000 „ „ 18*0 „ 

100,000 „ „ 34 „ 


The potential difference necessary for discharge between 
two conductors in air varies with the size and shape of the 
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conductor, point discharge taking place much more readily 
than discharge across plane surfaces. The following figures 
(Abraham and Villard, “ Physical Constants,” 1U10) indicate 
the potential difference required to cause a .'ID mm, spark to 
strike between two spherical electrodes of varying radius - 


liatlim in Mm. 

I kiimiia! 1 Hfffitrnr#. 

« (plane) 

mj( ill 

:too 

Hft.100 

100 

Hi,1(g) 

m 

00,000 

0 (point) 

:to,fc#) 

The relationship hetween the potential diffe rence and the. 

striking distance, is also not a aim 

fiiti fiiu% iw indicated from 

the experimentally derived figure 

-K for spherical eJect-rudcs 

1 cm. in radius— 


Distance in Vim. 


mm 

Ti 

0*10 

41 

(MO 

18*11 

0-50 

ll'ii 

For very small inlerpolar distance 

w, mxy 1 tn 50 /a/# t it hi* volt- 


age necessary is independent of the distance and «qua! to 

about 350 volts (K. Williams, “ I'hys. Chem„ M ,?j, 2H>, 1'JJOi. 

0. Hoveda (“ I’hys. Itev.,’’ 34 , ‘25, It/12) gives the follow 

ing relationship for point to plane din-barges :■■■ 

,, l> 

V ^ « —— . 

>: + s/ J f 

where a, b, c, are constants, and l> is the inferpolar distance. 
The use of minute points corrugated or roughened metal 
electrodes in industrial ozonisers is very frequent, si nee, as 
we have seen, the prone-nee of points facilitates the eleetrieal 
discharge. 
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L. Ddcombc (“ .Tour, de Physique,” 2 , 181,1912) has at¬ 
tempted to calculate the energy dissipated in a condenser 
when connected to an alternating current source; ho shows 
that the energy absorbed, i.e. YBq (where Y is the applied 
E.M.B 1 . and q the charge on the condenser), can be expressed 
in the form :— 

YSm + R„(5V, 

where m is the polarisation and R„ a constant, this is equi¬ 
valent to the dissipated energy:— 




or the dissipated energy is proportional to the square of the 
polarisation current and independent of the periodicity. 
V. Ehrlich and F. Russ (“ Zcit. Elektrochom.,” 19 , 330,19.13), 
as a result of an investigation on the measurement of the 
electrical quantities in a Siemens ozone tube, showed that 
the ionisation or polarisation current and applied potential 
were always in phase, and that the potential difference 
across the gas gap was a direct measure of the energy. 

(Jhassy (‘‘Jour, de Physique,” 3 , 87(5, 1912), on the other 
hand, showed that the energy absorbed per second by a gas 
under alternating fields, varied as the charge Q and not as 
the square of the charge, as in metallic conductors. 

An increase in conductivity of the solid dielectric is also 
to bo expected from its exposure to the ultra-violet light 
generated by the. brush discharge in the interpolar air gap. 
A. Gold man n (“Ann. der Physik,” 36 , 8584, 1911) has 
shown that solid dielectrics exhibit both an increase in con¬ 
ductivity and a negative discharge of electrons similar to the 
Ifallwachs effect in metals when subjected to ultra-violet 
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irradiation; the conductivity of sulphur is said to increase 
1500 times when thus illuminated. 

Types of Industrial Oznnisi rs. 

Industrial ozonisers may be grouped into two distinct 
types: those in which the silent discharge passim across the. 
air gap without the interposition of any solid dielectric, and 
those in which one or both of the electrodes arc. protected by 
some suitable dielectric material, usually glass. 

Noti-dirJtrf.rir. < l.miin rtt. 

Several attempts have been made to produce an ozoniscr 
without any dielectric and although largo units on various 
systems have been constructed from lime to tune, tlioir 
efficiency has usually been extremely low and at the present 
time all industrial ozonisttrs contain dielectric material. 

Schnellor, Wisse and Slecn, m IWfl, were the first t » 
construct large ozonisors without a dielectric. One dri- 
charging surface consisted of a sheet of platinum gauze to 
provide a great number of small points some 00 mm, from 
the other surface fonned of j«;rforated metal sheet, the air 
current being forced through the perforations in the sheet. 
The two electrodes wore, cylindrical in shape and were 
mounted in glass tubes. The operating voltage was at first 
15,000, whie,h was subsequently raised to 50,000, To avoid 
the formation of an arc discharge, which in the absence of 
any dielectric between the electrodes would lm attended with 
disastrous effects, a high resistance was inserted in series 
with the ozoniser. 

These investigators found much difficulty in the con* 

struction of a resistance suitable for the purpose. It was 
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necessary to obtain a suitable resistance of 1‘5 megohms, 
capable of carrying O'Ol ampere ; moist unglazed porcelain 
and glass tubes containing 80 per cent, glycerine were found 
most suitable. Vosmaer (“ Ozone,” p. 04) showed that 
sparking and arcing could not be avoided even with this 
artifice, and that the external resistance served to increase 
the capacity of the circuit rather than the resistance. 

Slate was found to be more suitable than either glycerine 
or moist unglazed porcelain, which rapidly lost its humidity 
and suffered an increase in resistance. 

Putin’s ozoniser followed a similar construction ; re¬ 
frigeration of the air prior to ozonisation was employed to 
increase the yield, and a number of small metallic perforated 
prisms enclosed in a single unit comprised tho electrodes in 
lieu of the perforated plates and gauzes in Schnellor’s ap¬ 
paratus. 

Various improvements in design of this type of ozoniser 
were introduced by Tindal in 1894 and more especially by 
I)e B’rise in 1904. Da Frise’s plant was actually employed 
for a short period in the sterilisation of water on a largo 
scale at the Kaint-Maur Water Works at Paris, but tho 
dielectric Siomens-IJalsko ozoniser was subsequently in¬ 
stalled and adopted as proving itself more economical in 
operation. 

Tindal employed Behneller’s method of augmenting the 
capacity of the system by the insertion of liquid resistances 
in series with the ozoniser. The ozoniser consisted essenti¬ 
ally of a system of compartments separated by perforated 
metal plates, containing alternately a set of electrodes and a 
water-cooling device. 






The perforated metal platen attached to the moling tiilieM 

served as one sett of dnctrodnB of f lie nzcmiHcr and fin*' i^inr/e 
other set 


r: '/u MM ^ 1 

: ■' ,. 

Vm. in. 

The water wan maintained in active circulation t»* aug¬ 
ment the cooling. 

J)o Kriso likewise adopted Titular* arran;" im-nt of 
nating ozou oration ami tefrigi ration, loit adopt* <i a ddhtent 
arrangement for the distribution of the electrode.. 

These consisted essentially of a nerie>< of rrr>! r-nt ’thuja d 
discs mounted in parallel each with its own liquid inductive 
capacity in a water-corded metallic trough which -<erv* d aa 
the other electrode. 




Water Coating 

L-^i- 


l/io, 11. 
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Hach disc was furnished with a number of minute points to 
facilitate the discharge. 

These ozonisers were in successful operation with voltages 
up to 10,000, although an applied voltage of from 15,000 to 
20,000 was usually employed. 

It possessed distinct advantages over Tindal’s apparatus 
in that the distance between the electrodes could be reduced 
very considerably without risk of arcing, thus increasing the 
efficiency of the apparatus. 

Various types of mechanical ozonisers operating without 
the interposition of any dielectric have been constructed from 
time to time, the most successful being that of Otto. 



Via. 15. 


The fmpmnt occurrence of arcing in non-dielectric 
ozonisers as well as the necessity for obtaining a very small 
polar distance between the electrodes for efficient working, 
led Otto to construct art ozoniser in which by the rotation of 
one electrode the polar distance was always varying, so that 
if for any accidental cause an arc should be formed at one 
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point, it would speedily be broken again by the subsequent 
increase in the arc gap. A diagram of an improved form of 
Otto ozonisor is shown above. Olio electrode, which is fixed, 
consists essentially of an aluminium disc, studded with a 
great number of small points, the rotor lining a metallic disc 
segmented with insulating materia!. Up to HO,000 volts have 
been employed on these machines. 

None of these ozonisers have proved sufficiently economi¬ 
cal or reliable for industrial operations in which, at the 
present time, ozonisem containing one or more, dielectrics 
are practically universally employed. 

Ostmimrs Containing a Itirln tn< : . 

Tubular Ozoninern. —The present construction of service¬ 
able apparatus for the production of ozone by means of the 
silent discharge has developed from the simplest forms of 
ozone tubes constructed by von Hiemens, in 1837, in tiermany, 
by Brodie in England, and Berlhelot in France. 

Siemens’ first ozoniser consisted essentially of two coaxial 
glass tidies, the outer coated externally and tin* inn* r intern¬ 
ally with tin-foil, the. air being passed through the annular 
space, Brodie substituted water as eleetrode material m the 
place of tin-foil, and lierthoiot used sulphuric and. 

Those ozonisors thus contained two dielectric plates cover¬ 
ing each electrode, and in practice gave serviceable and 
uniform results. 

Brodie’s and Berthelot's system gives somewhat better 
results than that of Siemens’, since it is a simple matter in 
these forms to arrange for efficient cooling of the electrodes 
a»d interpolar space. When oxygen is employed instead of 
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air, a 10 per cent, ozone concentration can easily be obtained 
at room temperature and over 20 per cent, at —25° G. 

Yet another type of apparatus was introduced by Dr. 
Oudin and Andrdoli in 1893. As one electrode a simple 
form of glass vacuum tube was used, electrical connection 
being furnished by means of a soaled-in platinum wire, 
which in Andr6oli’s apparatus ran through the whole length 
of the tube. The second electrode consisted of a series of 
equally spaced indented steel rings, surrounding the vacuum 
tube, or a copper spiral coiled in the form of a helix round 
the tube; the whole unit being inserted in a glass tube 
through which the current of air was passed. Gaiffe and 
E. Chatelain at a later date modified Oudin and Andrfjoli’s 
apparatus by substituting a second annular vacuum tube in 
place of the steel or copper olectrodo by the former investi¬ 
gators. 

Small types of Oudin and Andrdoli’s machines were at 
one time popular for medical work but have not been 
developed for industrial purposes. 

The Siemens type of ozoniser was developed by Froh- 
lioh and Erlwein, of Siemens and Halske, to its present form, 
which has proved to be eminently suitable for industrial 
purposes. 

The tubular form of the earlier form of apparatus was 
preserved, but various modifications were made in the dis¬ 
position of the electrodes. 

For the internal tin-foil coated glass tube, a cylindrical 
aluminium tube was substituted, maintained in position in 
the outer tube (of glass), and separated from it by 1'5 mm. 
by means of three ebonite spring plungers. As the other 
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electrode, Brodie’s idea of using water was adopted and pro¬ 
vision was made for circulation to ensure c<filling, the cast- 
iron frame containin',' the ozoniser and water cooling being 
carefully earthed. The smallest technical unit contains two 
ozone tubes, the largest eight in the mime, water-cooling 
frame, which is provided with a glass inspection plate. 
The operating voltage varies between 4000 and 10,000 
volts. 



We have already discussed the results obtained by 
Erlwein with this type of apparatus and will refer to the 
technical applications in a subsequent section. 

A similar type of apparatus has been developed by the 
General Electric Company, but the somewhat cheaper and 
equally efficient enamelled iron has been substituted for the 
aluminium. 

The Westinghouse Company in the Gerard oxoniaer sub* 
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stitute oil for water as the external electrode, and utilise, as 
in the early Brodie tube, a double dielectric system. 

According to the investigations of Vosmaer, the economi¬ 
cal production of high concentrations of ozone is realisable 
in this type of apparatus. 

Various other forms of tubular ozonisers have been the 
subject of patent literature, a few of which, such as the 
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Klworthy, Yarnold and Gaiffe, have been sporadically de¬ 
veloped for a short time by small companies, only to sink 
again into oblivion. In Europe the only representation of 
this type of ozoniser which may be said to have established 
its footing industrially is that of Siemens and Halske. 

Plate Type Ozonisers .—In the tubular type of ozoniser, 
owing to the disposition of the electrodes, it would appear 
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that the use of cool ini' water m essential in order to keep 
tho interpoiar space and tht* inner electrode relatively cool, 
which, as wo have seen, is one of the most important factors 
in the economic production of ozone. Since the thermal 
radiation obtainable from two parallel platen in much greater 
that! in the. tubular form, where the radiation in practically 
confined to tho intnrpolar area and to the external surface of 
one electrode, the provision of cooling water i,i tint es entia.1 
for efficient operation. Although better result'; are oi l un¬ 
able in well-designed ozonixers, win re water moling i u:;«d 
in addition to the cooling effected by the air pus age, y* t 
with air-cooled plate ozrmiern of the proper design and with 
the enhanced capital and running rosin entailed m water- 
cooling devices, the cost of ozone production by either 
method is approximately equal. Neverthelew, in tho e ease;,, 
usually exceptional, where high ozone eoneentrat.oiiH or low 
air current velocities are required, provision for water w< .uld 
appear desirable. Modern plate form fwmH» r > have eon* 
Hequently developed on those two di tmet line., the e in 
which air cooling only is utilised and those in which eitpple- 
montary water cooling is made use of. 

Air-cooled Plate Ozimixrrt. The earlier ozotwers of 
this type, such tut those of Villon and (iettm of f'repoigoot, 
and an experimental one of CHtoV, were not a Htienw, at nee it 
was found impossible to prevent a very considerable ri o in 
temperature during contmuouH operation, resulting in a 
serious loss of efficiency. 

The first technical oztmtwtr which showed promise wa« 
that of Andr6oli, and possessed the great merits»*f simplicity 

of construction and uniformity in operation. 
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Andreoli’s ozoniser consisted of a series of serrated alu¬ 
minium plates separated from each other by a sheet of glass, 
ca. 2 mm. thick, and an air gap. Each plate had an area of 
30*5 x 30•5 cms., and possessed 17,760 points formed by in¬ 
dentation of the serrations. These units were mounted in a 
wooden box ; provision was made for possible expansion and 
contraction, and various artifices were devised to ensure the 
plates being inserted quite parallel with each other. 

With an eight-plate ozoniser, operating with a voltage as 
low as 3,300 volts, an energy consumption of 550 watts could 
easily be maintained, producing ca. 60 to 100 gms. of ozono 
per kw. hr., naturally at very low concentrations. In his 
later models Andreoli likewise introduced water cooling, and 
could consequently elevate to applied voltage from 3,300 to 
10,000, without any unduo rise in temperature. 

Experimental ozonisers of similar construction have been 
designed by Vohr and Vosmaor hut do not appear to have 
been developed for industrial purposes. The only air-cooled 
type plate ozoniser which appears to have outgrown the ex¬ 
perimental state, and to be actually employed in the various 
industries, is that of the Ozonair Company. 

This ozoniser is extremely simple in construction and 
efficient in operation. The oleclrodic discharge through the 
glass dielectric plates and air gap is facilitated by employing 
flat sheets of metallic aluminium alloy gauze as electrode ma¬ 
terial ; this possesses the dual advantage of an even distribution 
of points over ttye whole electrode area, and of being practi¬ 
cally resistant to corrosion or tarnishing. Cooling is effected 
by the air current and concentrations up to 3, and, for 
short periods, even 4 gms. of ozono per cubic metre may be 
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obtained under cunditii >»k of actual operation without undue 
elevation of the temperature. The operating voltage in usu- 
ally 5000 at periodicities varying from 25 to Ht(). Test* have 
Hhown that at a concentration of *2 gum. per cubic metre the 
output may exceed 100 guts, per kw. hr. 
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Watcr-Cwied Plate (imninnr*,-^- This type* of nmmm?r 
was developed chiefly by the early investigations of Otto, 
and subsequently by those of Marmicr and Abraham; m a 
result the Otto Mann tor Abraham Oaontatir was constructed, 
which ban found a by no meant insignificant number of in. 
dustrial applications, especially in France. 

The unit constats of a pair of hollow disc electrode* with 
perfectly plain face* which are protected by platen of the 
dielectric, in this caw* glass, ioree ‘2 mm. thick. The inter* 
polar air space through which the air flows in a radial 
direction varies from IH to 1*8 mm, in width. Kach electrode 
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Otto introduces! for t! nm* nmcliiiirH a MfitpS** form of 
electric safety valve consisting of l wo horn-shaped electrodes, 

separated by a variable air gup and placed in series with the 
ossoninor. 

An accidental rise in the operating voltage \v<»uM rmne & 
discharge to take, place the air gap \vh* n :$d« 

|listed, mill thus obviate any bivated^wit in ti.r ih* ]rt*f rir 

plates of the o/zmiser. 

habiilo suggested tilt- iim #tf tfittu /* a d;»J*v'nr m place 
of glass plate in ozonise rr? of this typo, hut in praetin-, owing 
to the disintegration of ttite hudmb ii mutt mb m)U\wniwhie 

results wore obtained. 


CHAPTER YIII. 

THE CATALYTIC DECOMPOSITION OP OZONE. 

Bince the quantity of ozone in equilibrium with atmospheric 
oxygen at ordinary temperatures is, as we have seen, almost 
vanishingly small, it follows that in ozonised oxygen or 
ozonised air conditions of unstable equilibrium obtain, and 
the apparent stability of the ozono is duo to the fact that the 
equilibrium is “ frozen,” or the rate of decomposition of ozone 
at these temperatures is almost negligible. The rate of de¬ 
composition of the ozone in excess of the minute amount 
present at the true equilibrium can be accelerated in a variety 
of ways, such as by the addition of catalytic materials, either 
solid, liquid, or gaseous, by photo-chemical action, or by 
purely thermal methods, by slightly elevating the temperature. 

The rate of decomposition of ozone has been the subject 
of many investigations. Bhenstono in 1897 considered dry 
erzone to he extremely unstable, and to undergo decomposi¬ 
tion with extreme rapidity. At a later period, H. E. Arm¬ 
strong showed that, in the absence of oxides of nitrogen, the 
rate of decomposition was sensibly lessened. 

Juhn (“ Ze it. Anorg. Chem.,” 48 , 260,1906), at Nernst’s 
suggestion, conducted a series of experiments on the rate 
of decomposition with a view to elucidating the mechan¬ 
ism of decomposition. The ozone molecule may undergo 

(138) 
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decomposition in a variety of way*. a»» indieai# «i m the fob 
lowing equations 

u) *2t >, ■ 31 

(ii) <V <> 3 M> 

(iii) 0 ;i ■!• O :>< > 3 . 

. 7 aim's experimental results appeared to indicate that the rate 
of decomjiohition could !»*; formulated in the * xpn am 

•HO,) ..(’O.C 

lit 1 <<(),(’ 

He consequently argued that the derom|*t >iti m f.4i oud the 
course indicated hy equal ions tn) and uit> on the avumptsuti 
that the first reaetii>n was rapid and r» v«<i aide 

o, t o, 

and the second slow and irreversible 

o # i- o ->*io 3 . 

I'erman and (In a von (“ 1 ’roc. lir+y. Hoc,," 4 , Htl, h.'td, iwn*; 
likewise stated that the rale of ihrompeUiosi uns unerM>|y 
proportional to the concentration of the oxygen 

rk<0 % ) K 

dt Wh> 

Chapman and Clark t‘* Trami. Clem, 8 oc,,“ 9 , 1 , 1 <’:p% pjihj 
and Chapman and ,U>m\ 1 ' Tram*./' tS 4 > »Pi.n, I'llu) ihp-cied 
the whole matter to an exhaustive « Vienna! i<>n ; lln*v <li »vud 
that Jahn's and IVrinaii’s interp,elation v*a« not > ,,rjv«*t and 
that very citriutiH errors din 1 to the catalytic »fhet >4 the «?ir- 
face of the glass vessel vitiated the m,<. entry of slnor results. 
Tin‘Hit investigators found that the utc ol d> roiupoHittoit wan 
proportional to tho square of the mma-ntmlsoii oi the tmtwi 
and independent of the oxygen pnmure , 
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or <U f b * } = KC( 0 3 ) s . 

E. Wcigert (“ Zeit. Phys. Chom.,” 80 , 78,' 1912), however, 
obtained values corresponding to an order of decomposition 
somewhat exceeding two in the dark. 

The rate of decomposition is greatly accelerated by rise 
in temperature, being almost instantaneous at 270° C. and 
quite rapid at 100° C. This fact, namely, that the equilibrium 
is not to be regarded as “ frozen ” until room temperatures 
are arrived at is, as we have seen, the factor militating against 
the successful thermal production of ozone in contradistinc¬ 
tion to nitric oxide where the equilibrium is practically 
“ frozen ” at 000 * 0 . 

The decomposition may likewise be accelerated by solid 
catalytic agents such as the following:— 

Ag, On, Co, Ni, Cr s 0 3 , Pb 3 0 4 , V a 0 6 , MnO a , TiO a , ThO a , 
CcO a , U,0* W,0„ BaO, CaO, Hg, Ni, Pt, Pd, V, 
and powdered glass. 

The catalytic activity of platinum black is extremely 
groat. Mulder and v. d. Meulen (“ Ree. Trans. Chom. Pays.- 
Bas.," i, 167) and Warburg (“ Berl. Akad.,Bor.,” i, 1900,1170, 
1901) noted tho rapidity of decomposition of ozone rich gas 
when passed over cold or warm platinum black, whilst Bister 
and Geitel (“ Ann. der Physik 2 , 39,321,1890) and Well and 
Kopp (“Jahresber. Chem.,” 270, 1889,322, 1890) observed 
the formation of ozone by passing oxygen over hot platinum, 
indicating the reversibility of the catalytic activity of the 
platinum. 

In many cases the activity of these catalytic materials 
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im 

can bn attributed to the format urn mid m\m^\noni derune 

position of an unstable oxide or peroxide* o.g, 

:2Ag 4- O* ~> A&<> *' { h -* Aj?. 

Manc.hot ("itor.," Hi 10, HH)b; 40,‘ 2 sUJ t VMu : mnl 4^ 
;il! 4 H f HMIH), anil result of a series of experiments, obtained 
gome interesting results with silver an a eatuhtie agent, He 
noted that pure hi Ivor wan relatively stable 111 the preo-nre 
of ozone, it btung necessary Ui warm tin 4 metal up In 24 <\ 
before decomposition of the ozone and foinuitioii of silver 
oxide occurred, 

A trace of iron, iiHimlly obtained from tin* *itp ry p 'Wdm* 
employed fur cleaning t}n- mlvt r, mtv> ;i« mi f m * Vvni 

catalyst promoter, ulvrr containing btp a uyftatr ti of 
iron reacts already at normal P-mpmutun is and I- than 
(H)l per cent, of ozone can be detect-. 4 by f l#i in* *n •. Man 
chut states that olver thus pivpmvd i, rv* n mmv « motive 
than alcoholic fidnitip thyl bn-*- paper and licit lie 
present ill hot flames van eaiaiy be »|i !*•<*!#«} 

#h Btruit V ( Vtov Km, So*- # 7 , I4I;fj »■ •*, mme d 

rbii|iiii!tfi und done/ jvmi!h from a 4 j. uit ot vir *y, 

He showed flint m the csv* of #*aPtkfr it^jo >4,on ,0 a 

ga*M,olid surface, the rate of dfwmpmifmn dejt# mb* on fin? 
number of fToilisions of i§ gau tnolem b ndb 0 , ■ mu* bice perm,* 

sary to effect tli*5 rupture of the mol«<vaiie or reaeinm with 
the surface. 

Calculating tint number of rollifuom omum „vy to Hb *4 

the decomposition of ozone in the presence of mrtuJiie it liver 
from the minimum urea of silver ip certify to HiVet Mien 
change, be allowed that only Hi eolleuom of an o/one mob w 
<mhi with the silvei wa^ itiw*a»ry, or ptm KcaUy ev* ry cob 
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lision was effective. In the absence of any surface, i.e. in free 
space, Btrutt concluded that at 100° C. two molecules of ozone 

must collide C x 10 u times before a favourable collision re¬ 
sulted. 

The effect of various gases on the rate of decomposition 
of ozone was likewise investigated by Chapman and Jones, 
who showed that oxygen, nitrogen and carbon dioxide had 
no effect, whilst nitrogen dioxide and chlorine accelerated 
the rate of decomposition. The influence of water vapour 
was not very marked. Shenstone (“ Trans. Chem. Soc.,” 71, 
47, 181)7) stated that water vapour did not retard the forma¬ 
tion of ozone; but, as pointed out by Armstrong, Shenstone 
probably included any nitrogen dioxide formed at the same 
time in his ozone estimations. Warburg and Leithauser 
(“Ann. dor Physik,” IV, 20 , 757, 1900) found that the for¬ 
mation of ozone was retarded by water vapour whilst the rate 
of decomposition was not affected. The specific influence of 
water vapour in accelerating the decomposition of ozono was, 
howeve r, noted by Warburg (“ Sitzungs K. Akad. Wiss.,” 
Berlin, 044, 1913) in the course of his investigations on the 
photo-catalytic decomposition of ozone. 

It may be concluded from these experiments, as well as 
from the somewhat scanty data collected on the rate of 
decomposition of ozone in solutions, that water vapour exerts 
a slight yet distinct catalytic action. This is only to be ex¬ 
pected if it can be assumed that ozone is slightly acidic, since 
when passed into strong alkalis it forms the somewhat un¬ 
stable coloured ozonates MHO,,. In this case (see Chapman 
and Jones, " Trans. Chem. Hoc.,’’ 208 , 1811, 1911) an equili¬ 
brium is probably set up represented by the equation— 
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Uifl 

•juii -i- '3 > ‘'Hi», 

2110,’ -1* 11,11 l O. . :!W. 

If the rate of dw’ntujwtHitiun in ihc j>j*•.< f in- >i- f ujt ir* 
tltUH accelerated hy the IiO t ton dim fin- id<yrv>d ruf<»f 
(h’.conijKisiLion will he- 

<h ‘f t a) Kit; , hr«<t . ,ii|| , 

whom C-(011) m vr*ry ftiimli mini K *vli*iivi4y miuiU rninjiarnl 

to K. 

Itofh i 11 Mrifimfiilnfl, ' j§» Mm u»v >* 4 * 4 ?* 4 tfu 

(miniin nf n^mo in anil utUtmum Jr 'u> >\\*4 fvtf tb*« 
rain i»f drmiiijtt^tftNji m >Ai’ m uB %r, o* :**]•/ nun * * > n ] %t 
am! in v«*ry wnaU nn<h i»%*!ly inmmmHtt \h*< r in 
f«r liny arid Mri ngth bnm* 4rtrf§ijt?m4 hy flm * jn itnu 

• Krtn.r , Kr.u 

«I 

by hiiilubJit rl fit* 1 valm < from K fii4 K # *»1^* i?y 

ecmflicicinti. 

Thu catalytic** activity of itftSil in 4 * * mnj ? lor »»<** o * 1 144 - 
first iiiiflbtl by llrgninr C Aim ib*r Phy*ik / 4 *<*, 1 UOT (: Htcuif, 

who ahowwl that light of a rnrtmiii wav*? h-figth in f br ultra* 
violet {inrlicni of the ip««lnino fix, in r* 4 *0 n 
i # K 4 rlif*l 11 very mark***! i|*^!/uifi?ni4f nftimn it ,4 toi.fi* 
already fltsetti«iwi tfi«? mtmmUn^ tml that light of ahurtor 

wiifft length tiittirts lift oiciiiwing nnl 1 nii, 

Thu reaction of kinetic* of thin reaction 

by von Bniir f * Ann, tier liiyaik/ 4 4. Sf # lif Iff) am! *^f**«m 
ally hy Waignrt f* Zml Phy#, Cbem*/* Hit, 7«, l!UH) t who 

showed that with cotu.pl«l# absorption of light the reaction 
velocity of decomfKMutiaii wats pwipirlitifiif I# tin? tmmm mm* 
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eentrations. On tins other hand, under conditions of homo¬ 
geneous illumination, when the emergent and entrant beams 
are equally intense, conditions obtaining approximately in 
very thin gas films, the reaction velocity was found to be pro¬ 
portional to the square of the ozone concentration. From 
Weigort’s data it may lx; calculated that in his experiments, 
approximately 100 molecules of ozone were decomposed per 
quantum of light energy absorbed. Wo have already noted 
that the magnitude of the quantum hv necessary to effect 
any given photo-chemical action increases as the required 
energy increases, and consequently the photo-chemical activity 
of light is greatest as we approach the extreme ultra-violet. 
In the case of the formation of ozone from oxygon we have 
already discussed the effect of quanta of various magnitudes 
on both the oxygen atom and molecule; wo would expect 
that the magnitude of the quantum necessary to dotach an 
oxygen atom from an ozone molecule would bo very small, on 
account of its instability ; and again that the period of natural 
vibration of an ozone molecule, which determines the absorb- 
tive jxiwer for light of a definite wave length, would he larger 
than that for the smaller oxygen molecule or atom. Both 
these expectations arc fulfilled in the experimental results 
since deozonising light has a longer wave length than that 
effective in ozonisation. Photo-chemical equivalence, how¬ 
ever, is not obtained as in the case of ozonisation. The 
absorption of a quantum of light energy by the already ex¬ 
tremely unstable ozone molecule causes it to explode with 
considerable violence, and, ns wo have seen, the energy liber¬ 
ated during the explosion is able to cause the primary and 
secondary decomposition of over 100 other molecules before 
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iho energy in disai pitted into the surrounding m# ilium, M, 
Kali marsh (“ Trur. lliyti, Knr./' ,’C» 7 , l f JKo r* eu«L the 
ultra-violet light in deozonmation a* the sourer nf nurii i in 
the ozonised oxygen which serve as centres of decomposition. 
Similar results wrm obtained by I!. Warburg U‘ Jiirlin Akud. 
Sitamigsber.,** 2 , 014 , 11 > 1 MK lie obtained valuer for ib * 4 
specific* photo-chemical activity by filling n little gttittU cell 
with ozonised oxygen and exposing it to radiation t or n 
definite length of time*. 

The specific photo-chemical activity tfi wiih obtained from 
the ratio-- 


where K m the energy »t#«< from the light m , uml m t ilm 

ozone concentration before and after irradiation. 

The rati*of {ieozonmatinn wimeitleukted from the mbififiti- 

«hip—■ 


dW l . t 
fii • #A*f im, 

«J Light energy ill gun calora-t* p* r .«'<mnd. 
A Fraction of light rimrgy mL o»rl«’4 nm 
m Ckiiieeiilrafii hi of ozone m <n*!i. 


// A cell com? an 1 core ding for it#*- > pom an* me* deounjeem 

lion nl tin* ozone m the ceil, 

llencrs Joe m m. | J ?# g nfiAJ *$ ■ 

- m, ’ ? 

and in the abjure r#{ radial nor - 

big - r log ij 

m * 

He obtained tlm vahii'x U*r th« ™j.>'<■(}«• |»}, ,o- 

chemical activity with hj»ht n{ wave lrji/<t,h \ •- &*.; pp be 
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Ozone in. $ x io». 

Oxyjjon.0-253 

Nitroj-tm.0-076 

H (ilium.1-520 

Ifautefeuille and Chappuis (“ C.K.,” 91, 762, 1880) were the 
first to notice the inhibiting effect of chlorine on the forma¬ 
tion of ozone, which result was confirmed by Shenstone and 
Hvaiw (“ J.C.S.," 73 , 216, .1898). The work of Bodenstein 
and others on the hydrogen chlorine combination leads ono to 
conclude that chlorine is an optical sensitiser for the decom¬ 
position of ozone. 1*’. Woigert (“ J5eiL Elektrochem.,” 14, 
591, 1998) dearly showed that ozone containing small 
quantities of chlorine was rapidly decomposed by blue and 
violet light, whilst pure ozone is, as wo have seen, only sensi¬ 
tive to ultra-violet radiation. The rate of decomposition was 
found to lie proportional to the intensity of the light and 
independent of the? ozone concentration. It would appear 
that the molecules of chlorine absorb the smaller quanta of 
longer wave length and are consequently endowed with an 
excess of kinetic energy equal in magnitude to the quantum 
iibtiorbrd. By subsequent collision with an ozone molecule 
thin increment of energy is transferred, causing a rupture of 
the ozone molecule into oxygen. The chlorine molecule thus 
serves as a conveyor of energy and makes the medium sensi¬ 
tive to this particular radiation frequency. 
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INDUSTRIAL UHK.4 OF U/oNK 

At'J'MfATtON TO HwtRMt: I*1 *Jtl*«»SI-‘H. 

Tin Nit rihuatiiin of IVu*'r i>( . 1 )>< «-ti\;> •• t 

iiK*ntn mi thi' m-« uf ii/.t<n« a».1 (,’> itir* oh- lor the ’oil . tinai 
df wait•! weni made hy I h>. ,\h‘i id iri m Ki.iteu s|o«i‘ i i 

Hi; showed that I'Vi'H dilute eyoni" 4 air v. <<«14 e»i* *-t the 
Ht'-rili^atiuii of polluted uat* i, prowled that lO’nua'- lout n-t 
between i'n't and ii<|uii> ww* * Jf< i;ti il. A f* v, \> .it • i iu r tl«*t 
subject with reinvehtliiated In, IroldidM " l !»’:!*■< Is* m /< it,' 
44 t, IH‘,11), of the firm of Si* men-. ami If t!4 •, w ho > o *'t» *1 
a Mimi-technical expefimenfjd plant at Mart mm* di 11, 
Ohmiillor ami frail (“ Arbeit. ivu •. (o hijiI," '/ii'.t, I at 
thn reijtu 4. of tin* (h-nsiati (Utvr.nu* of, riv< 4 tin: 
prtK!<*hu in ^rntt detail and a*i a r* nil *w*'4 that u/uj|e 
eneroeticidly at tat kid b-utterb sti water !t> -nt wlmh any 
w«*mt of inert orcatnc mutter had h« <*u pr< vjmi <K r* m«*vi 4. 
Bulticient evidewri an to it« prarltml utility vm*> thms at 
hand to warrant a vlmt r ejuHninaUoi! aa to iLi •instability fur 
municipal work. 

Chemically, nmm w thn ideal a^i-itt fur | indication, 

it h avi 'it behind it nothing f.»ei;'» in tin* treat'd water, w th 

the exception of oxypeti, which a> o< t o in the u i mat a* mi ion 

and orentiy the j/ulatnhditv of the wnt r. 

fHtM 
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For technical purposes, however, the important factors of 
reliability and cost are all important. 

As a result of Frohlich’s experiments and the satisfactory 
report of Ohm tiller and Prall, the firm of Siemens and Halske 
developed their process of sterilisation with ozone, and large 
plants were installed at Wiesbaden and Paderborn and at a 
later date at St. Maur, Paris, and Petrograd. 

Contemporary with these developments, Tindal, Schneller 
and Van Sleen installed an ozone sterilisation plant at Oud- 
Khoorn in Holland which was subjected to a detailed in¬ 
vestigation by Van Krmengom on behalf of the Belgian 
Board of Agriculture, and by Drs. Ogier, Roux and Repin 
(“ itov. Gen. dos Sciences,” 1596, 189(5) for the municipality 
of Paris, with the result that an ozone installation on Tindal 
and do Frists’s system was installed at St. Maur, Paris. At 
a later date a combination of the Tindal-do Frise and 
Siemens-Halsko systems was utilised by the Parisian muni¬ 
cipal authorities. 

In 1898, Abraham and Marmier erected an installation at 
Lille, and in 1904 an ozono plant on Otto’s system was sup¬ 
plied to the municipality of Nice. 

Small installations were likewise erected on Vosmaer’s 
system in Holland and at Philadelphia, U.8.A. 

Ah a result of these developments at the present time 
there are in operation over fifty plants for the industrial 
sterilisation of water by this means. 

We have already given a brief description of the various 
types of ozonisers developed for the purpose of the economical 
production of ozonised air; the various installations naturally 
differed in their methods of ensuring contact of the water 
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with the ozonisecl air and in the preliminary treatment of 
the water. 

Sj/ntrmn of linaurimj Inti mat* ( Utnfth't IU f n't * n th* t tot/e 
and Water.— In the earlier Siemens and HaUke in* f .ulhitmtif* 
at Wiesbaden and Paderborn, oaonbed air rnntuinmg fr^m 
2£ to 8 grammes of ozone per mine: nmtre pvr <-d upwards 




W4frr 


Ftu> n. 


through a tower filled with broken flint miff in«i & dementi* 

ing current of water wide!* had pa^Hcd through roughing 
fl I tern. 

Fairly satisfactory bacterial reduction m effected by 
thin method, the count ranging from i to 2 organiaifia jw*r 
c.e„ after owuiiHatiuii, and thsie cirgmiiitiw worn of the 
resistant and harmless J.h uttbish* type*, Kconotxiicaily, 
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however, thcHo contact towers left much to be desired, the 
cost being about 2 * 75(1 per 1000 gallons of water treated. 

The fundamental point to bo considered in the design of 
a contact tower, viz. the* intimate contact of every drop of 
water witli the ozonised air, was clearly not realised in this 
elementary type of tower. It is evident that every flint is 
covered with a thin film of water into which the ozone can 
only penetrate by diffusion. Now the rate of diffusion of the 
ozone into the liquid film is proportional to its partial pres¬ 
sure in the gas above the film and approximately inversely 
proportional to the square root of its density. Thus, although 
it is not a difficult matter to oxygenate water in this type of 
tower by means of air, since the partial pressure of oxygen 
in air m about 20 per cent, of one atmosphere, yet in the 
case of ozonised air containing 2*4 gma per cubic metre 








of the ozone is effected l<y Kiieli a tower wlu-o pas and 
flow rules are properly adjusted; ihtt* a on*., r i h...i hi 
diameter and '■>.<> feet hi^h wits shown rapabi. <4 fr»a?;n;; 
Id,WO gallons an hour, one .'{ feet diameter at l*luhtd. ij.liia 
dealt with fiO.OOO gallons per hour. 

In the first plants of Tmdai and <!<■ Fn-e l«4Jt ao:--*i 
air and raw water entered by separate juju-, at the ha and 
flowed in the same direction through flu- fins! pads, d tow. r, 
which wan divided up into se-p lu nfs by m.-ann of p.■rfoiuh >1 
metal or celluloid platen. 



A considerable advance on this practice made bv 
Otto by tlm introdnefitui of an r for oiv.iiii; u.ij 

mate mixture of ozonised air and wan i at fie ) u { ip ( . 
tower. Theenmlaifii’r 1 M emi .trm't. d on fh«. Ite.n . f t K rfmg 
mjfa'tor or simple water vucunm pump, lie wub r mpj,j 
tuitlor pressure drawing in the <»/umk-3 an umb-r vacuum. 
Not only was a very intimate mixture .,{ the and ?!,. 

water effected by this inmm hut by nisiifung tb. vacuum 
produced by the wah r i.treant the jj* ***'■ , «itv f< >r pumpmi* 
ozonised air, which mpnr*>; pumps of .•.penal *■„,«,>„ 
avoided. (Jtto's installation fit Xit’f if\p * ,*<#**,*% 
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operated by means of these emulsifiers. The plant is 
capable of dealing with 5,000,000 gallons per day. 

In the Oxonair St/strm-, which has been successfully 
developed fur installations of capacity from 1000 to 2000 
gallons per hour, the ozonised air is drawn into an injector 
by tiie pressure of tin: water which is of the order of about 
two atmospheres. It is thoroughly emulsified by the injector 
and passes into a sterilising tank which is so proportioned as 
to give a runt act of about W minutes. The concentration of 
ozone used is from 2 to d gins, per cubic metre produced in 
the standard typo of ozonisers (see p. 12'.)). 

The greatest economy in the utilisation of ozone was 
effected hy de Frise, who introduced a cyclic systom at the 
Kt. Matir waterworks, where it operated with great success. 

A diagrammatic sketch of Do Prise's systom is shown 
below. 



The ozone cimipruiwr draws the ozonised air from the 
and forces it into the plate sterilising tower; from 
the top of the storiliaer the air returns to the ozonisera, 






tmisr, 


14 8 

pausing on its way through a separator and a dryer in which 
it comas in contact wills calcium chlorite, which is muted in 
hot weather. A small suction valve on the intef of the 
separator admits fresh air to ttitilm up for the loss through 
absorption hy the sterilised water. Tit** Htenhmtm tow? r in 
constructed on the Hertiona! syst« in, te-mg built up of 
cm at in tiled iron section* till indie* long and 4 te*’t m diane-ter, 
each section (there being '111 Hirtion* in the f411v.ru being 
separated from the others by perforated | dates, 

With a ratio of oxouiacd air It? water of two |r five, 
88 per cent, removal of the tmnw in effected 111 the lower 
system, the residue being returned after drying to tlie %.mm* 
imm* 

Pre4rmimmi 0 / the I toiler.—Him:*? inert organic matter 
is readily oiictiwid by oxone to mtlmn dioxide and water, in 
order to exercise every possible economy in the utilisation of 
ossone, it is necessary to subject polluted waters to ionic form 
of preliminary purification. 

Tint earlier installation* at Wiesbaden and J^iderborn 
were equipped with simpln roughing filter* with small pobblo* 
as filtration milium, through which the water pmmA at 
relatively high speeds* In th« later plant*, whore it win 
realised that the cent of removing organic matter by oxide* 
tion with 010011 wm higher than by the initial method* of 
sedimentation an! filtration, more attention wm paid to tlm 
pre-treatment of the water, and the oaone wm utilised merely 
to remove the last trace* of organic matter and mmm$ *t«ri- 
Using of the water, condition* nnoht tin abl* by any method 
of (sedimentation and filtration except at prohibitive mutts* 

In the Otto installation at Nico sand filtration alone i* 
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employee! as pro-treatment. At Ginnokin, in Holland, the 
Mark water is subjected to gravel filtration, followed by a 
Hand filter. At C Judshoorn the Rhine water is passed through 
sedimentation basins and sand filter's prior to sterilisation. 
At Kt. Maur, Paris, sedimentation basins in conjunction with 
gravel and sand filters are utilised for the Marne water, 
whilst at IVtrograd the Neva water, which is subjected to 
very Hermits pollution and liable to contain pathogenic or- 
finittstm-i, is passed through a battery of mechanical filters 
using alumina as coagulant prior to the ozone treatment. 

For the sterilisation of upland waters which are subjected 
!m , jmr.mm or o 4 ;uiuil pollution such pro- treatment is gener¬ 
ally fimtoci '.nary, especially in those cases when*, adequate 
efsinige in provided by means of impounding reservoirs which 
nr? iri Heiiiiiif ntation basin 1 of largo capacity, Receptions, 
however, iin» to be found when the upland water is derived 
frmu « p#aty or recently flooded watershed, where, during 

Hiiiniit* r months, flic quantity of ox id triable organic matter 
in the wafer suffers a eonddemble augmentation and necas- 
s dt;il» j f a t orr# if fifiiiditigly incieased dosage of ozone. 

For th# treatment of river supplies which arc already 
}**dhifed, and wiilt the growth of the riparian population are 
linmniing mi 1 $ '>singly contaminated in organic matter, some 
form of jm* in atim nl k m wmiiiry, and if must he emphasised 
that ll#r utility of ozone in the present stages of its industrial 
itimitifttHiayr 1% imof marked when it is employed m a finisher 
or utrfiibdiag agent for waters which arc already good enough 
tint not wife 1'ipmgli foi public supplies, mther than when at¬ 
tempts nr# made In purify highly contaminated streams. 
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ItHHCi.T.n Km m:t> j,y Myma Tm yivnvj 

Thn diftiifm in aj>p»*araw* <tf tinny vrd« ^ J'> i m nam 
tion in frifijiiHitly wry r.inumg, at??’ infabb m fb p i,,*»vd 
of traw# of mlmm <1 *»r;f inn* nanpnan l :\u4 n < "In a* ? *.», *j 
and uxyi'niiatioi* HlVrtid rtnrmy tin pon \\ .tr ,h> * ,r 

polluted rivur wah-T 1 -, mlimlt, ntbntgh *• j. yr dtn m% nn»- 
guild filtration, art* brown of gnr< n n by .n ? ■ a; l 
gmrnlly flat ami imtfnl, ;dfm ryn, dm bb» ; m *. uu 
bright and Hpurkbng, g* m rally n.’-uirb , n v j n -ny i*:ut 

bluish tini 

Tim physical diHJin an* m n*n*p itm 4 l v <b :*,n al 

fltfiijgm lin I* ’Ur timtkvd and » fiirsdnj.y* b b i,o * , 
thus tin* (tx\; 4 en roii.iiifii*'4 agmo bn 1* norm b to bb j a,;,, 
ittntti p§*oii»tif|4mifr ftftdnr m imbn*4 Man", at 

Yd)* t\ m arid Huiutsoii,< m tt snby *« dm >*4 In iu .i>i! u y« * j,»f 

emit., as is imlimdM by iln fb brntu/ tiw <f 


imtaMaimm. 


f'h '$$4n £V*o m** i $ pufi 
i at i j fi 5 **V 


bb f‘ W(< 

TV/«if»w«/, ( J *» ,jn*rvl 


»■?/ vtv/r* 


1 Him . 
j Stain' . 

j Hi* Mimt 

j Plilla^rlfiliiii 


1 »» 

1 rr« 

j 0121 


«*.'5 ;•. 1 1 ,', f ... ,. 

Vm 4*^ ,’" .,*• t-u, 

* Jnw*:, 

im'ii. n ill 

tW | < * t » *> |* S ! V ^ j 14 # ■ y 

11-4^ 0^44 


'fhtj quantity of organic Hihi?* i .* 4 | <f f|,> .,• ... .,. 
iiimtml by the difference in the oxygen f».n?ir>;« 

naturally varies with lh< thr- <• fvt-.t,, ri, n ti } ?«, 
or^atiic matter, »li< t:un» v.iitratio» >,i j 1**- n„ }, 5{(( . 
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of contact between the ozone and the water. Thus S. Rideal 
(“ J. Hoy. K. IiiKt," 30 , 32, 11)02) found at St. Maur the 
following distribution of the ozone at two different gas con¬ 
centrations 

Oatne m <Jm u f\r CtM: Metre, in 


ft nit? rui# air 


. 1*08 

2*65 

Kntoring water ..... 

« 

. 0*579 

1*071 

iteimpifig into ila« air . 


. 0*137 

0*291 

Itemjiitig iit jiuliitiuii in the water 


. 0*048 

0*102 

Ufi»I in fixklriltig organic matter 

. 

. 0*4.94 

0*618 


(I ms . Per Cub . Metre . 

Oxyg«*n i*i>iiniiiii«d for the water untreated 

(fr»iiis«icl I(MiiC) 4 at IKf C.) . . . 1*73 M2 

Oxy ffiui «'c>iit 4 iiffi«il fur the water treated 

fffttm M«I KMnO, at (UP C) . . . 1*25 0*6 i 

Doc room) 0*48 0*51 

^ 28 Z « 45 t 

During the.e experiments it was noticed that the dissolved 
ozone left in the water after it left the ozonising column dis¬ 
appeared after a lew hours, and it seemed probable that 
oxidation of the more resistant organic matter was still pro¬ 
ceeding. This was confirmed by the determination of the 
oxygon consumed figure* from time to time. 

Two typical tests giving the following results 

Oxygen Camumed 0hn$. 
Per Cubic Metre, 


Filiitirei wiiliip 

. 

1*73 

1*12 

Mter . 


1*25 

0*01 

ilfin hour latur 

. 

wo 

0*58 

Two hour* Inter 

, 

0*00 

0*51 


A corresponding decrease in the free and albuminoid 
ammonia take* place simultaneously with the reduction in 
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the oxygon consumed figures, an in shown fr<»iu Ilit 5 investiga¬ 
tions of Van cler Hleeti on flit* Heim* water t * 

Tftuiiwnt A Ht-r, 

Prr# wr»iit*iilii . 

Allmiiilti*4il ii in in* ill in . . * ($’U% 0 |fe!l 

As in tin* cum* >*f tin* organl* natter m tl* ri f *r» a 
marked irm in 1ft#? nuinh* r of h.wf* no tola jiu*’*- In 
common with oils r gertitirph *» nyuim m ><-!* $n it * aHion 

on liiierii-oiofiiiioiinn certain firffiiiiioino teem! m**iv ia i tint 

than others to it ,h action. It jio litijij> tin tint! jnthoe* nir 

organisms which an* air# adv riffWhlrtf hy flair iiiiuiii ihte 

environment #§re i unify dr*trov* 4, win! A ltm rmn jnf h<m« /re 

spcirsng eugatusm^ §«telt an it, M*hfilre am ftvqu* inly fmiml in 
oxonised wilt# rs, This point wm fully inv# '.tiiyif# 4 hy 1 ti % ^# 

in hiii #rxjM*riiiiriifii on tin* tivsitumuf of fls* 4 SVine amt Vann**I 
waters. 

Ho showed that all pathogenic tm\ th* 

irtg common bacteria which lit? isolated were rapidly removed i 
those included R fluorescent* ti*|ttefactetis 9 H, rtilh if tertiw, 
B. protetii vulgaris, B» pmdigiottutt and Aapcrgdlu* niger. 
Morn resistant worn B„ utthtih*, li liftetii anil IVmcilliiifta 
giaucum, which only auccumhtkl to prolonged trcattYWfit with 

CIMWit* 

Cam le lie showed that liiliti insullatem affected an average* 

roil notion in tint bacteria! pollution of tin water from *M$M 
per e.c. in Hit,* untreated water to 10 e c» »n tin* treat# 4 water ; 
these latter were found to consist % ntirely of the H mhtilm 
typo* These conclusions were confirmed by B. liidc&I in him 
investigation* on the Skitiniii-dii Wmm plant at Si, Muttr. 
In the literal water, prior to osonisation, II, cult mm usually 
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present in 40 c.c. of water and occasionally in 20 c.c., whilst 
it was never found in the treated water. The 20 c.c. count 
wan red need from an average of 74 to H per c.c., which were 
found to lie spore-bearing organisms of B. subtilis type. 
Whilst purification can he effected by the consumption of 
n 'e'; gins, of ozone per cubic metre of water, tho ozone 
consumption per cubic metro of water naturally varies with 
the quality of the water to be treated, tho economic limit 
appears to be in the neighbourhood of 2 gins, ozono per cubic 
metre of w«t* r. i f, by preliminary testing with permanganate, 
it is found that more than this quantity would ho required 
th « » some form of preliminary treatment is essential for 
economic operation, 

The Purification of Air. 

;-Vv<'i:d type* of apparatus have been designed for the 
th* purulent,* m of air in confuted spaces, such as theatres, 
h* Dir** huIL, * buijdit' r houses, tanneries and breweries, whilst 
* W i-,d< d ir c >4 o/oitri«’d air has been made upon the Central 
lecel'm Hallway > y items and public lavatories. 

Although tin immunity of the motor drivers on the 
London Tub* * doting the roe* nt epidemics of influenza has 
L * u < ojm wlott remarkable it is more probable that this must 
b>- attributed to the uniformity of temperature and to the 
» m*-ii1r»joii of tie* air rath* r than to any specific action of the 
o/oie- m tie air. 

The evidence for the speeilie utility of ozone as a means 
of purifying air f*t w*m« wlmt conflicting. 

L'fwar and Me Kendrick t" Fogg. Ami.,’ 1 153, 329, 1874) 
"bowed that by tin-inhalation of strongly ozonised air the 

frequency of pulsation of the heart is lowered very consider- 
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ably, the blood tomfwnittire hi tiles from :§ to f> , and post 
mortem examination showed ffrti I hr blood had brooms 
venous in appearance. Thewud V* CMC /' Hi, loV, b*Y*b tin*! 
Bitty {“ Mod, (\ BL s f ‘ an* 7*21, 1-^2* continued fir *• »»b - rvx* 
lions of Itawar’*. Krbtilfz '"Arris, f. Bxpcr. Path n, \'Uv u " 
Mh 3fi5, 189*2) records n«vrml e.oen o{ chrome pHjvtiung by 
ozone, Jordan and Carlson 3 b%b Ano-f. Med \ -e,m, fii, Inny, 
191 ;$) confirmed the deodorant actmn of mo am <m *iir b *f 
showed that long before flu* concent ration * jr* wir'd t! m> r 
ncccasary for germicidal action injury war nm wj |m Be*- f<M- 
pir&tory tract. 

The lowest concentrations of ozone in nir which ram 
exert a definite ill o?if« of mo irtom 'SdniBz ** X* d f f f *» / 
7 m bHilf); and do C Imiffiri n M V?iu d> bm f I‘* 4 * sr ' 7 ,* ‘b 
1893} app* am to be in the 10 ighhotnh* *M *4 13 V! u«yn« n* 1 
litre. With Hindi row* idrafiotr. .feribePe o » ?§o w -mby be 
oiler fill IIS air, bill the Jli f M»m*f of largo 'pmlthe.. »4 §ftm^h#fS‘ 
lowers it h germicidal activity \r< ordm r to ILsfB vel 
Oudin (“ (Mh, M stj, 111 # 1 h*J 1 ) fie* tiHfh*‘ 1 r <n/ tmtMtmo 
which limy be inhaled without iMefermtis rib #•? , m appmy 
mately Oi 1 to 0 12 ingm. per him 

f rbey Mate tint Sietif lien*! lo'^nifo obtain b / lb*' inhapitmi* 
of ozonisid inr of tins foiiirviitf gfi'.ie 4 fintriwd 111*4010 e m lie' 
oxyhemoglobin contact of lie 4 blood laknig jiboo afo-r an 
interval of from ten to fifteen minute* 

It in therefore evident that tie ie 00 *pe f 4tr*n if 
germicidal activity in ozonised nir of r<mtf nitaftmte* mutable 
for respiration. Ah a powerful oxidant it dmibtl^/ remove** 

1 l«fi»nl Hill *fi4 Flitck i m I& v. ^,,** H # 4 , |#n, Mill • m 0 n, 

c?<iiif#iit»tkitt of t la W# *4 * yt ^ + 4 11* mo f <4 »,o ^ »e o 0% 1 
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•Hii i*iS 1 traces nf hydrogen sulphide* and other impurities in air, 
whilst tin* unpleasant Hiiudls associates! with crowded places 
are amenable in treatment with oxidising agents such as 
ii/jme. li is somewhat remarkable that most odoriferous sub- 
>1 roiiOim valencies and as such would 

n a era In he attnel ed h\ means of ozone. The odour of ozone 
in if i If whf*n v# rv dilute i; by no means unpleasant and thus 
pirnui* a counter irritant to the* olfactory organs, a matter 
of p'O’e! m 1* * oriil imjMrtmico if of no physiological significance. 

Th ?e »* of iioMneii tn dilutions of 0*1 L to 0*12 mgm. 
pir hir*’ Ini; fn gmmsly been condemned on account of its 
oijijis. ,» 4 physiological activity, m many canes crronoously, 

' me , line i\v n >n il preemptions sin h an drying the air and 
lie ivw»! inei* «t| }?irking an* taken m the preparation of the 
o/ me id »n\ ri\idi u of liitrugf n are liable to he formed which 
h i w an «wtfHt;M’}y high phv iological activity even in extreme 
ddutmiin Srhwuig and Muwhmeyer ( M Zmt L Infokt. 
KrmkSi/' 75 , m, t*i!4| mv*wfigated in great detail the de- 
nlurv mg <w?mtt »-f ^inali * oticcntmtions of ozone in air ; they 
ub a rw 4 1 1 cat Inoimemt ulptude wm rapidly oxidised, sulphur 
dm.vi P I wkv r»mvntt'4 hi utlplittrii* anhydride, whilst the 
in* i < i p? m umful, and milol were ox id bed to somewhat 
pkemof use d.tr* tih f 

< ‘nri m mm uxt m w-u but dowly oxidised whilst ammonia 

we j m wo t»-«! fiatildin (" iV, tut Congress on Bchool 
Ihgum* / Phil iiiul ittid hgiditis (" Zeit, Anorg. 

I Pin /• ij # ofh l*n }§ Mtnbrmerf these observers’ results on 
th«i *4 o/oi§c M?i hydrogen HftSphicle* This reaction 

wit, 4iihe4 m ilniil l*y Usftfftfeld, and it was found that 
n*id,»h<m talma pitouc flnmigti a series of iritoraiudiato com- 
pmtmh iitwwfuiffPg to tlm following skIiciiiii; — 














i m 




Htiljiliidr -> thhmilphnlf'' 

*’ 4 - 

tliitfloittitfn Hfilfikttrn 

\llh*Ml%'li His 4 *;• rinu'id'il m'Uiit} • d ns - a,. u*x 4\ a<; 

\\liic'li i'S«'!I i*n injtiri^*ti> tk s* j.n n< <* i .n, > w 

jiniHirdSy in yll^tbk, |i f u In * b"> n Iv '1' . 

;4«*rili‘*at inn inHfrHi 4 b> t v an .n| fin, #4 *' ifnmJ * I j > 
tiuctinn incilm !tn b* f nJinvj .i ?l* »>r v4n I. Im 

art willy jm *H flii’Mii^Ii fb*' «v*>nv,rr, ! | Sh . ? ai t v* V< •}« I n j,< * n 
iHativnly nirniwly minimi aii4 !* 4 U* km *,k i 

ra<liali<m m tls* «ooiin ;h\i,* pi nluntlly ?« rk% au I 4 .•'■wupn M, 
impruvvmHif in fb*- In* !* ml j^ilInf» w *& 4H \%Sj^ is b islm n 
iif!ini\«‘it with iliiH jHir« r air tv < \*<4 ,u \ in 

fact ubtai«4*ri Tin* lurijivl >)nUm f u* jmulnniin >n h\ 
inoarH of is flint of tbr fVntjul Lmlm Ifmknv 
In nfjniftjif 4 with air m;tnh#‘fn mnt K^ttr^-fo *,f |L«, 

Ogonair iyp»% Th* fnUi air <o)*pSv inai* A b# fl#i^ < 5 -f* 1## 

biting of tin* ufth’T r*f f ?-»h*y million * ob?'* b H t} sty 4 J**» 

afniif;t* caiiifinitrafiMf! of <>*u*i* in lhr Tnk »:t §v 4 tin* nokr 

of 01 m puli in tint Uii%iff^ (t if 1 t§|# 1 *>**■<*> w\\p It, 

iiridnr njiiv«iI <?irf'!iiir4^i!r» 4 1 - 4 *t* 4 fbr*f 4 r# own *#»<! l>i 

f»v<* part** jwr ititllbm fbi |« r i-ifu^ in* if# 1 

Tlit! iiP'lalbitinti fiti fla* t$fnil f *«tnb*ti Kulway %%% »n 
MiennHfiil In f^mUun Unit <Ip- ,,y,4»nii n| I'rfiftlufn n ba l^^ii 
ntU‘inln#i ft# jirneliriill| rfny tilli»^r Infinlmi 1 mb , 

tUmjirat ftmi Thrmp* nUe U%* % «/ inw, 

Diirliin llm jrritifl nf tin* war mntll j^rl*b!n f»#n#wt'f» 
iiiivn, brnn in ijnn in nniiiy n{ tint irnbUry In^piink ui lb#* 

natimw for thn fmitnnint nf %mmidn, Mujor Hfc4^#i, ?4 tlin 
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Queen Alexandra Military Hospital (“Lancet,” 1918), de¬ 
scribes the following method of wound sterilisation which 
appears to have given excellent results. Wounds and sinuses 
are washed twice daily with boiled water and a dressing of 
oxy gauze is applied. The ozone (ozonised air) is applied on 
the wounded surface or on to the cavities and sinuses twice 
daily for a maximum time of fifteen minutes or until the sur¬ 
face becomes glazed. At first ozone causes an increase of the 
discharge of pus, which is gradually replaced by clear serum. 
The serum at a still later stage becomes coloured reddish or 
purplish. It was found that ozonised air applied in this way 
was a strong stimulant, and increased the flow of blood to the 
affected part, that it was a germicide and exerted great powers 
in the formation of oxyhsemoglobin. A record of seventy- 
nine cases so treated is given, in which the period of treat¬ 
ment varied from a few days to three months and was in 
practically all cases completely successful. 

Curie (“ Practitioner,” 864,1912) describes the application 
of ozonised air to the liberation of iodine in the lungs for the 
treatment of phthisis. Potassium iodide is introduced into 
the lungs by ionisation, and the iodine is subsequently liber¬ 
ated by the inhalation of ozonised air. For disinfection of 
the intestinal canal in cases of enteritis and dysenteries, 
Lessing (“Lancet,” Nov., 1913) records the improvement 
obtained by washing out the intestinal canal with ozonised 
water. The treatment of ulcers and pyorrhoea of the teeth has 
been successfully accomplished with ozonised air. Ozonised 
medicaments and ointments, such as vaseline, have been stated 
to possess a superior curative value to those not so treated. 
Qzone appears to be sHghtly soluble in these semi-fluid 
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hydruuarbonr, and would nafuriJlv ynv tin of- a 

gcrnmddal artivit v. f nfmiiHifa it i- v a r» t i u - » * * 

oxtrnt of ill*' i.nbibddv u\ u/mh« ji fa . ana *, u 4 .*, 

or how !on*j flu* utk'4*m^‘ r» t hi; any a* mu* . nJ t ;a;*> dar 
to dwaohvd o/oiif or In fli< 1 j*r< < n< »* *4 on 1 at - i 4 -/ m !>' 
An hi !4 ahtudy 1 **^*n tn» nliuurd* nriinijja,, nf- -4 

air in HJnitiLif in;! flu 1 (nndtri m*? -.f m/ann, /! hr. 4t, }"<•?* 
huma n fully lit ill: for lia in- iIiih nl 

whilst it h »j<j4ih:ii mu in ra?:* ti y*in r< i|j* n- i * a m-ra*/< ni 
oxygon iibHorbmi in tin* 1 y. 1 ** 111 , m* h a < ;fi Hahnai < r In 
In Util without Iniirfi? 

A^pUntU^n^ fut lih-nrlunn V\Kff< o 

Hotr/mnt (*M Ml A 75 , 4 1 U ( I ^ 74 , .in 4 I *v 44 -1 < ” r It/ Hi» # 
1 1*7, 1*7*4 4iriWf‘tl tint dibit** nn j^, * , rj, m 

common withvhhtuiu* md hr**tnvu f th« jn 'iprly *.f ^/n r Lw4y 

oxidwing llm rolnunii*: imttrfti m inmu 1 * ti,annul 

MiiliHlaiirita* firmiir ,q*ja f irn to I*f m n mn §> 1 3f;ru* vm t flnm 

uithrr ddoriw* nr hrommo, won* tmi ^^Jy r. fin* d.org r ot 

forming miotiml bulrdtfnimti rhhnn* *0 hi -mm 4rt#v‘tmrn 
avoid* cl, hilt Urn taydr-ifig jmw»*r of ginath f v * *'4 , that 
of olilortfim nr hrmuiiitH For tin * in a ton only f\ 4nntr 
concentration^ of urniin may of ufih* 4 for Lb a< In?,/ >, 

find liiiiisy iiimii«aff nsfii! mu ill N nn* *ht*rt\y iiUiiiaifalia lo i1*f 
emjiJoyiiiHit of iiir rriativi4| tuf/jily nmumd, 

Fiiffm* 

liitien md cotton gomli Mm ilowif MAmkfd by rnmmm 
f 1 Kolb. Bull. Soc. I»d, Mfiibcitwii/ jl* !f | 4 I Hl%% ami oril- 
iiig tci Wsta f 1 * Ball Hoc. ftniioii/* n f m tli«^ 

pra*na of iiioistiirt, cixycclltiltiir m fomicaf 1 mhp%t 
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was reinvestigated by Cunningham and Dor 6 e (“ J.C. 8 .,” 
103 , i;M7, 191*21 employing high concentrations of ozonised 
oxygen t ‘20 to ">U gins. per cubic metre). They showed that 
an nxyrcllulom* and cellulose peroxide accompanied by a de¬ 
struction of the fibre were produced with the liberation of 
carbon dioxide. 

rnbleaehi d sample* of cotton became white in from one to 
two hour*, but when dried the fibre was found tendered and 
d 1 4y, dote •( wi re likewise rapidly bleached, but became 
s»eid and t< nd' r when *ubj< eted to a similar treatment for a 
few hour >. The e»-lhdoM* peroxide affected a photographic 
plate, and pui *e« -ed nxidi.iing propert ies Hitch an the liberation 
of iodme from p«the slum iodide, fn the presence of water 
hydro * n p«T<nid< j wa s formed, in general the action of 
o/ojje *<» collulo,,- cloaelv re iomhles that of ammonium por- 
H-dphitte f 1 h»«. (’hem, /rib,".it, Hhlf, 1907; “4. Prakt. Chem.,” 
and with mere dilute, concentrations of ozonised 
sr’r htetwintu; without ■•ub*e?jttetit tendering might be ob¬ 
tained , 

The application “f ozonised nir to tito conditioning of tex- 
tile mab-mh. is *,tatrd to be entirely successful; exceedingly 
dilute concent mtKitiK of ozonised air are employed, and under 
hint able slid it i.,»s <4 hunnility the period of conditioning 
•ran W reduc-.j from several months to a few days. 

IMh, Fat®, and WaxtH. 

The application# of the use of ozone in the oil, fat, and 
wax industries are wry considerable, the reagent being useful 
for a gr« at ibverstty of purpose* Amongst the more im¬ 
portant of tti«w may be mentioned :— 
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1. Itf^liiitVlll iff «i4miii% f! 4%/ilir, fiu4 roJuttr S i-au * ijj;< :\;>*\ 
fit In inlH'pliJi! for rmhb* |wrjt«* 

2. Illi*arliiii|| it«4 p fuiiiii: -■? oil*; -in'I r i t v- m ih* 

wmp sii*lin4ry. 
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Fw. it, 

.1. Bleaching of oil# for paint a«4 wnwh-nwikifig, 

4. Bleaching am! refining of waxe* for nx«< >n tie* manu¬ 
facture of candles, polishes, and ointment*. 

In the above sketch is given a diagram malic arrange" 
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mont of a bleaching plant on the Ozonair system. The 
temperatures at which selective! oxidation of the colouring 
matter nr objectionable odoriferous substances in the oil, fat, 
or wax commences, the concentration of ozone, and the period 
of action naturally vary with the nature of the substance 
treated and the degree of refining required. Generally a fairly 
dilute concentration of ozone at not too elevated temperatures 
pawned through the material for a relatively long time gives 
the heal results. In curtain cases it is found advantageous 
to add hi nail quantities of catalytic materials, such as salts 
of mangatKme, vanadium, or cerium, to accelerate the process 
of oxidation. 

The application of ozonised air to the bleaching and 
deodrinsation of oils, fate, and waxes is well exemplified by 
the following lint |»e« pp. Ifi2, IIW), in which a summary is 
given of the effect of dilute ozonised air on various com¬ 
mercial product*. 

Application to the. Paint and Varnish Industry. 

As has already been observed all the industrial oils and 
waxes readily undergo partial or complete deodorisation by 
fractional oxidation of the coloured ehlorophyllic constituents 
utilising ozonised air m oxidising agent. For the production 
of clear and transparent varnishes this is a matter of some 
technical importance, and the use of ozone for this purpose has 
been frequently suggested. 

It would nppi'itr that the use of ozonised air as a substitute 
for siccatives in the preparation of drying oils is already 
out of this experimental statu. It has long been known that 
tb»» dry mg of oils h a process of slow oxidation and poly¬ 
merisation tvM l.ipport. '/ m % Angew. China,," it, 412,1896; 

11 












f iXf l^t 1. 



lft'2 


oii, rut, 
nr Wat, 

in *k-» 

1 *. ,»■ f w* 

i i M % H ' ,: 

%rmiw\ 

Vv* 

Vh 

1 * M H 1 ft j ^ ; M * -> c , * 

* * s Miii »« / v»* , t ; > u > 

? / i, m, , in. 

I!*nif? iiii 

V»K 

j Yw» 

' Mi » % V !%1 H Mil t , ^ il 4 

’* n * ' * 4 ( * •? ’ '' *» ** 

' * , , * J * * I # M * i < • H , > •, M 

i H H<H - t « < f ’< H m *, m > * ' MM * * 

1 flnfffiH 

I Tallow 

Y*m 

1 

|' J i * > i M V) f 1 f ' . ' M f U‘ 

'4 MM f U /|t M 4 l '* 1 i » j 14 * 

Mi, l iM| # Mi !( * H % f 

< Ckirtitinl »ll 

i 

i 

V mi 

' llfi 

1 * m n i f 4 , * i » * 4 *» # 

. MM 1 1 i 1 * . *> M M 

M : )4f| r ,, M 

i „ , % 

, iVojjifl ,vH 

1 Hi 

\*> 

j V«M* 

1 

< 4 t tfi 4 * % n 4 ’ i? r 1 ) t ^ *> # 1 * * 1 

« i >}? MM * I M 

j V*A Mil 

Vn 

Yr* 


! «V*tni hm! 

| 

4 #* <4 

Jt.ct 

j > ffcaf^Y #*%& iy *< ^ f 4 m.hJ 

j - $ j », n . ***, , ). n 

j * /rt o 1 I ? n * >, Mfrw’i 

j mmi *1 a > 

j $%\m% 

j IftlMf 

; Yv.. 

i Y*t* 

jllMt )'* '* ue, *» . t IM , n , j * 4‘ 

J J.HY 1 m 

I mt 

, Y* 1 

Mm 

j ||,,** Jl«* 

i Mwmii 

s W V 


s iili^'ipi fwriii?, fmi- fmmlm* wh*$*. 
<| if tr,4 4* 1 i m t «*} * 

#ii 

j S*m 

j ?«« 

|i|^?li»i nNulily* 

OMm 

j Y#§ 

1 Y## 

j 

l#i*% 3,*« U « *» 4>1. 4 I4M llifi 

i #• ? »*4, < ii ill* 

1 r V %tf*t |44,i if * 1 , i f li ^ *n i «» 

mim 

Yf* 

| ¥§# 

;14|#%Hir* 4#r‘| 1 | ? # 

I «4^li #4 |'# ** 

j **®ti4§4Mfr * l ii * «r.= 

■j lltpfttf M # H* * *4 H f 

tMm 

: i I* 

! 


1 %#ff HiMnj? W* «v «1 

■‘ iMrli 4 H|Sf|H'#f'! m*<h 

i a* #«4 «#i4|#*ii4 $w^ 4 tin 

; ||f # M ffjlf III s «. |/Mf 

1 

j 

i ¥«• 

j Mu 

WMt m&*h fc» 

j ^fvlf ,f 

■j »|rj#$|| id t *t 4^* 4>*$\mU’ M 

J m4 teuppwmmmm 








IN'IU'STWAI, t’SKH OF OZONE 


168 


|tWvlo-\ I KtUmtrkH. 


Vu*» Ym omuly. At the Kamo time 

, the odour k much improved, hut the 
| f haui,« tcriidie odour still remains. 

Hterntm** Ve* Ves Hkimhei easily. At the namo time 

its** odour in much improved, but the 
rlmmeteriuifo odour still remains. 

Tnl.-v V*-a Ytu ilhwhou easily. Odour iti much im- 

, f proved. 

Turfiif* Mep 4 Ye* Xm ■ 1 IHiwImm fairly cosily according to 

• nude or quality, but requires subse- 

• iiiiMit treat incut, for citiodorisation 

J §m 4 improvement of flavour. 

Sv* j i are at- tea t twenty well-known 

I * i.fiiitiereffil varieties all of which 
; |i»HH$ 4 ^f4 fiitlerifiit characteristics, and 
to the treatment in varying 
j device. Home are bleached entirely 

bv ozone, others only partially, so 
1 ropy* mg etiljHwjiicfit sun treatment 
i m the ordinary way. Eontmry to 

what tinght be pre aimed, the dark 
, v-oiein .4, *« Ouba M or ** West 

give tint be^t, whereas the 
: bgV.er varieties may give the least 

*atNfa*4ory rewilfii. 

< ?p4l j*'a '»<- | — 

i\i % A - , —• 

Ew/m. r • * *>? i f*V> bleaching k effected very readily 

; abrr retnov »1 of all the free fatty 

• and*. 1 lie degree of colour or Mmoh 

depemk very much m the 
quality id the original mm and the 
i are with which it hm been online tod* 


f In id, i 'V#*' 1 s 4 4 nnly »* dcalrwf. this can be obtained 

in -«Ly a fov- e of nation of w4otit$ and without titty §itb* 

w m* f iron** ,< * * ? a OhvHi**# and tkndnrkftiiott are both required, 

z**h>* > t * id iir^4t v *.* ** i-nniiy, 

I' \r#u ! ¥. ip. HCS^I ro-itof tifcftcfiitig ifltl dcOllorlsfittfC ©ll» 

&«,d m ? ♦ r.| », r | #p 4, f , **?«|# iNakmg, tif mean* of #mmkwd air, 
(«> 4 * r x i i 4* * Am f^f u*h, i igiiPf winch #«fi|iaws qiilin favour- 

* 1 /1 # At? u * a,*. / m t* ? v>* u, xl 4 fi !#«%!nifdit wiib «i|itrliimf«il itimni, fuller’s 

^ &AI t * uht 
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Wi^t,'T hem. K>'V. K.it Iht;: h»d ;'"l, I !«»; A 
(iifMtlic i“ Z> it. Auyt-w. ( lt< m ,' to. , v.b • inv* '.<» 

gated th«- {mift'iw m d* t »<1, > h><w< >i that ? Jt■ - <»• ? -n v, :»■, nut > 

<* ituiytic in character, or that (If- rate of ovTf ih»- ’>*! 

after a time wh< it a quantity * If* 1 :*!*■<• »4y In-, j. « b-,,,f y,«>, 

given by the «'{nation ^ K<'k / 4 i -• .* h >* o *n4 h 

were tin initial cour<*tjfr>ii cm > >4 h>» ■ >'«i oif »*.| »,j» *jv4 
originally priMcnt. Fmth* t onperjim-uu ••>.*'* .*:■ ■ < !b<;d< r 
and Wot /b* rg, " < ‘hem K»*if 47, I I’.W*, that 

the catalytic mnlt-ml naturally U rue i v.a>* worn* bum <4 
uiwtablo which xi’crlt r«t< 4 tl*«* <>%»<?*<)■ 0 >4 tie- ml 

by air. 

Thin unstable peroxide could be supplemented »»r replaced 
by other peroxide^ of a imnilir rhara i» f, <u« h *»* *j <*-h- . 1 - 
tained on the ttxpoaure of turpentine t«# the sir or even by 
the agitation of an ether mr mixture Th< <•« porovsd'-* at*.* 
destroyed by boiling tin* nit but win t*» r ><generated by unit' 
tion. (For a consideration of the composition of these 
peroxide# formed in the drying of linseed nit m» Orhdf y' 4, 
Euw. Phytt. Cheitt. Hoe," 4a, (J 5 H, 1010); Pahrion (" Keit, 
Angew. Chow,,” *3, 1 *M, 1010); H&lway and .Kipping 
r 95, Pin, IWU;, and other*.) 

The addition of rioeatWH, «u»:h »u Malt* »»f icwl, »a,ng,ino>Hf 
xinc, frequently with the addition «f eettam ju<tmotor« a# 
cobalt, vanadium, cerium, and uranium in now common 
practice. The waits are either th<e«i of weak and* *ni«rb as 
the borates, or of soluble organic acids and olset*#* linoluates, 
or resinates (see Ingle, "J.C.8. Ind.," 4?i4, Wlfi„ The 
siccatives are pwudo-mtalytic in behaviour, and nerve to 
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Htabiliw or assist in the formation of the auto-catalytic per- 
oxitli*. 

identical r< Hiiit.i arr obtained with the use of ozonised 
air, the ><j1h can in* i-anily thickened and the process conducted 
at much !»»*A<*r temperatures, 1duseed, Chinese wood, poppy 
seed, rajn*. and similar oils, rapidly thicken at comparatively 
low temperatures (upward s of .‘15 and at tho same time 
th« ir cojusir in much improved hy selective oxidation of the 
colour, d ns hi titur jit * Blenching usually proceeds anterior 
to the thickening process, consequently an improvment in 
colour mav h** obtained without drying the oil. 

l,tn •• »-d o,i may readily he thickened to a syrup or to a 
jelly for th<* manufacture of linoleum ; Chinese wood oil 
ldt* wi - mjddly undergoes oxidation, whilst poppy-seed and 
rape oil , thicken Rh readily than linseed oil. The utilisation 
of n/om-=»T air m the oxidation of linseed oils has naturally 
extend* 4 f»o»n tl*«* s»impl« preparation of drying oil to 
the drying of the «d in its various technical applications, 
ach %«. hiioh urn manufacture, the preparation of waterproof 
»’i,h »«. time,, and other similar manufactures. 

n »« th> /*', ft< finmii'til hxtuxtrm. 

Tim oxidatkm of organic substance* by means of ozone has 
\ mn the Mibject of numerous investigate. Carbon monoxide 
»w readily 4 to carle *n dioxide in the pretence of moisture 
(CUusnwn, ** »»#, 1882, 1910), but only slowly when 

the (•»“' h otc dry titew«en, " lk»r„" 8, 1414, 1875). Alde¬ 
hyde am readily oxidised to alcobola; iodobenisen® to iodoso 
hi tt/w wtutei Cm HBtiiratcd hydrocarbons themselves are 
wadily attacked a( tow temperatures. Thus, methane is 


% 










ififi 


(’(tnIn i> 6 iv I’tti i iu><‘ •» r.r ’ ■ * ; 1 ’> ' i • !, <; 

IVtrnialdt’liyd' and f< ;ij i; ,* • t> h I'i ;/« ' .i • , ft*j» I'd I, 

JUDfg ha i i4umii thnl ,;ii»du:ti i.\*u>i y, ?V. n ■! <>?.;• • uii-n 
utitiii tali! i pi n '-, the .*h' >iv'i . ■ m ! me i 

which in llii'ii itMiji’ i il rijndlv I ■» !h<- n, -\ >»fn’-- hy<h- 
acid. Hulce-jtiiinU .;<m >>■ i-«il;<- -i. <,r « .» .J 

Jill 

i ll nil r, t si » si «n 

»<11 

r nil 

«>H . w 1 MMff 

MH 

ilitrric* (" Ann 574, yn\ djo. '.«;/< ?>. 

proceed* through the iui*-riM* , «liar_v formation at iuu*t:ilil«* 

peroxnh*. ng , « II Mil < » II M M, 4.,4 n *. Un i;>h 

a Bi>rk» (4 mid thic hul?i.v,l ("j-•« t s. p«, 4nl 1 1 >, J»i ,»♦. 

OiStMHl in finding illllllj* Application* ?fc*k at} o&Ktialllg agcDt 

in the fine chemical in»t ixlrj.-/.. It !un hdi mb . .• 
employed for the* preparation «*f never «l *yiith«”tn- j*tfun,*.«, 
k tic I i iitt the methyl ether **f pyrocaieehit.M<’hyd<' (vanillin I, 
piperolial < heliotrope), ant] aiiiiiie aldehyde ; the mnwifactitle 
of vanillin being acccmipiiabcd on a v. n ?*,-•- <„ »,y «» |> w 
America, and in thin country. 

Vanillin in prepared from .■n-yni.l *<■, ordmg « 
ing scheme > .. 

Cl I - <fit.ru, C 1 IO 




Eii§fii»L 


OH 








jm »rs*rwu, vnm op ohonk 1 G 7 

tin* i un ivh nu\ \n-iui* ii^Mliaiil by worn to vanillin and 
;ir$ Mltlrhvd** by nijifttiv of Him double bond. 

Areonlue: to TnShi the promon k conducted m follows: 
Kmyiioi i\ r«mvi rfed into Moeugnnol by treatment with 
minim potaii and amyl alcohol, from which solution it is 
bb*Tuted by .uljdmrir mid. 

About 2b hfi* of i ,mi Jiopfiul tire dimtolv ih! in acetic acid 
and hi a current of o/onixed air (2 to 2*5 gms. 

}** v nil ?<b‘ on trr i f* »r % j»en»*4 »*f Yx hours at a low temperature 
On i, 2 IY n* an licimeMmed yew! lUted with a tall recti- 
lis*'ifn>ii rrmmm* When the oxidation to the aldehyde is 
rompb tnl tin ar-'iir* rood ix r»*i«itiv«{ by distillation, ether and 
*‘pin§f$i to nlplia^ ar* 1 mid* #S am! flte solution warmed toSO"C. 
1 lm hm Jjhato abb tool** compound m washed with ether 
tb * omp .* d with. bfiSotnr arid, mid the vanillin finally ex- 

tripi» 4 \%i?b otlo'r 

In n Miii.hr hmup'f Indiotrojiiii m prepared from aafrol 
oobun m lb" * ■ 

til rii • ni, <if (if iif, 
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: r/,fc* 
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1 % 
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hpwmal (htfliototpin). 


11m- :iisfro! « coiif*m!#4 into tuomfrol by hotting with m 
lUrtiMtr **t mwtto potiili, from which it in ftiibsa- 

tjimiiUt mtrmmA l#f mitana of «»tlief, for treatment with 

u#,/ r e 004 m ito* *4 mm Ofpmoli it t# 4 t«mhr«di tn acetic 

acid, froist which tits Ii«Iiiilr«»pifi it recovered ha hi® maimer* 
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Attiaaldehyde can bo prepared in a similar maimer by il<«’ 
oxidation of anethol 

(if (If.(if, (If .(if (if, ' f f»* 

Attempt* have »1*» boon made to utilise f»r tin* 

oxidation of imiliiie to aniline black and <**•• !*■'? • • W *•■» * i 
varioiiH dye*, Hitch as indigo, to the coloured hut do 

not appear to have r«r*i jv» d any * vten**.v< !>■/ bn- »i r»; in-,/ ;* 

tion. 

For analytical pnrpow* in organic chemistry ozone merit* 
Homo attention, since by the preparation of nz/und™ and their 
subsequent decomposition the Mrti< tore »4 vaf'O'* •- u»p'< % 

compound* containing elhybtne linkage* ha* b*»r» elu.-idated. 

The inveRtigatkm* of Harrow (** Iter,/* 37 . WU, 'i70S, 
8481, 1904, et mj.) and hi* cwworker*, h*w been the wort 
remarkable in this direction. Unaaturated compound* are 
ruptured at the double bond and roim ri« d into *ld« i, >•'!*■»» 
and ketone*. 

In the abuetten of water, however, a d»**-» , t intention «( 
ozone to the double bond occur* with the formation of 

ozonidea— 



X !: (’< -» >(* , C< 
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which on the Militequent addition of water und< ig« demm* 
position to ketone* and hydrogen peroxide-” 
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4 H t n-> ,{* H «) (!< H/L. 
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Tim ri^nii<lr*i are r«ilourtits«t l vincid, oily Hutmtancnn, highly 
e*p|n#tVe ftfel |*M4tfr*MUg fi penetrating odour. 

Ill rriiiiiiirin with they afflict n photographic plate, 

attributable f« tli** rliPiiiifiliiiiiiiir*it:ifi'ici* produced on oxida* 
tiuii of organic matter by meaun of cm me (wee; pp. H t 159), 
The oftcimd**.* behave like powerful oxidming agento thorn- 
akin to lli« peroxide* m chemical Uthaviour in that 
they bleat-h indigo, liberate ioilim? from fintniiiiiui! ic#ilicl« micl 

reii-ct Willi jwta^niffi permanganate 

III*.n*?..<’■ ii t\ tfin^/fintlp or cirnil#Piri«nit # i;fit#li4tr»il by Kenard, in 

a r* *V P’lv %! ink ih'.« ate *% easily produced by panning 
mt into dry from which it itt precipitated 

fill a gidaiinoti* iiifi«r|»linsi# product, It explodf* Homnwhat 
violently mt the addition rtf warm water* 

iJhm acid* oilher when difasolved lit acetic acid (Harriot* 
1'' l^i k j«i# ;?H, II, nr when treated with 
mt without % iwlteii! (Mol mart ami Honicmi, 11 Her*/* 
M* '-'h ;i|, li lor », ! 1 5ii t ii n n/<m<d** III chloroform 
four .atom# of *mf$m mtr liileii «§t to form an oxemidn per* 

niiilii, 

Ilf &n*4y*i* of 111® product* of dMotnpniiiiion tfa© poaition 
of lliii iifi*«tiir%t«ml linkage in oloic acid waa natabliahud be¬ 
tween tliff mMmm C $ and tlittn giving ©Ink acid the itrucifif© 

vitjvnjjii - « 

If *4#-!!$ diuim <4 oaon* t*e employed for tin 

firrjitftli ii r/Mieh oau/^wdi'* are i»nl to te» formed St 
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the Maim* <in#*' (fbirri* •>, " I4,|» *. ’' ') - 

«. hutylcthJ yu Iris Hi-* f'iSlowm;: vib * >■“ ■ •• 

(i/1 n,.('ii.< ii.m, |‘U. * h ni f i< ;i 

u ! , , . I. 

<-ii i it ( u « h * n 

am! \ 

u, 

»v i 

and n ilimt'ni’ oxoxouid< j ■ ■ 

{•I; jblf, t Jf ,rllII | 

I < », I , 

cyclo pentcno exhibit* a wmtfitr b«d*»vumir in that two *wmnU * 
and twooxo/onidun arc fanned on oxidation ” Ann 

4, 4101. HH5). 

Harriea (tee, «?*#.) attributed the formation of *»««?{CTitsd»'ii 
to the id uiuzun** it* tie d n v.Ire K lie 

postulated to bn pwttonl by analysis. rMi|i!oymg th«» i*i«li4w 
method of i<Nttiimli<m '1 h<’ t«n< * *4 oxo»'< ««■ », reread 
air of oxygen has, how*v»f, no* W»*n » 4 »,«<- p S-Of 

and noma other structural formula nm<i, co«<m <p*< otj i, bn 
adopted for the oxoxonldcM. 

The oxoninatinn of rubber w#» first attempted uiHit «•<>««• 
fuUy by Wright in 1897 (“Ball. Hue ('h«oi» /' »8, I l M, J*••!>*;» 
and wan mibsteqiwntly investigated in great detail by I i&nium 
and his co-workers, Iianghetd and Hawtf mr, in tire hop*' of 
elucidating the complex structure of tie* wipreoi' polymer. 

IbirriiSH <** Iter.," 37 , ‘17 08, ItflHj oxotsw** rnblrer by tb*< 
following procedure; O/oinwid air, washed with wistii* «o*te 
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as i ■ 'i-j<i;'M'< tr ti to 11 mi iv< Iht* ctMizoiK!, containing from 
tl s.t l:! ft i -o' ' i . i. jtii', * it hr ton bourn into a 1 per 
i. <t' i 4i in <’•’ ntbleriii chloroform, The end o£ 

th»- r- t*-!-!' it ■ * ;-i .»•< i ?)*’itt-il by tint (iotinlomation of bromine. 

I i. «,bi Miifi by evaporation at *10" C. in vacuo, 

tf, * j )• nit, r* ju< t - ■jni.’iiiii;' fn,iii ethyl acetate by petroleum 
. !b» »• iv, lit* i 1 3u -i a ’•hin'ti Mil ;«<liilifying ton vitmmH mass, 
ti ,)■! * i -* '■ .i/i-i'- i i .iubbt in ethyl acetate, benzene and 
■ t,*.1 in4 ub" w/.Hiif it uc.Ih on a photographic 

Atio> . • th« 4v- r»;;n eompoMition 0 49 por cent., 

JJ *; u | * j , * ■>" , »!**• ni'4,->njb»r weight about 8*20, corro- 

'!p, -Jf'l t »b* •' -full KiU'i 

r ||*i > ”i5 .2 p< r r*-ut, II, tV7it percent., in.w. « 4(54). 

A i j.<*3n’ If ,m> ■* itne-mral formula for inoprenorubber*— 

j * 11 V i It, Hi, CH | 

hi* c'H, nt, v, nij, 

it.*, »,,h • 5 w..'.»bl j.-ft '»*•',« the following structure:-— 

‘lh » 

>» v i'll, Hl s <: 

t '-ck 

“ S > 

m r hi. HI, v ty 

it till, 

miffer* iteoni position on boiling with 
water, binning levnlimc aldehyde and levulinic aldehyde 
j*.»< \A*. m 5,,-tthd by th- bob,wing equation 
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Mi, 

O f' Ml Ml, MI h 

|1 :! 

O .. .<» 

4- 

I’ll, I'd .i’ll, i'll. < IJM 

On conUsim**! boiling of Ihu tuilnlimi ill** fcvnlmie 

aldehyde |jeroxide underjpwa autoxetatioii to I«v»ti«ic a*nd, 
and tin? n ami $ lactone* of tliw add— 

Ml, 

o V Cll r -Ml, Ml o 

Si ' u “» i’ll, Ml MU 1M < dll 

0 , ( I vilI, 

i ll, r Ml Ml r 

i r 

O rti 

f i#f nf I ill *:? liM*4s4.$ 

(Jottlnh ('* Knit, I, Anal. (JfiMn./' »•»» .J'iM. iW?,i d 

the action of mmw on many varndna of Aftuan fuhh't*, 
especially thomi from ttj?a»*dn ami the lpp*r and l,ow*r 


Congo mm; h»* obtained the following iwan 
decomposition product* j— 

titJttiii for lh«t 

Lftiiiiiifa mii * 

f'** Vmt, 

TML 

t l## 
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Paulsen (“Le Caoutchouc et la Guttapercha,” 7 , 4177,1913) 
has shown that the ozonides of various resins, such as sandarac 
and dammar, are precipitated by carbon tetrachloride, a 
property which Dubose and Luttringer (“ Rubber, Its Pro¬ 
duction, Chemistry and Synthesis,” Griffin, 1918) has applied 
to the estimation of rubber resins. Molecular weight deter¬ 
mination has shown that the natural rubber molecule is 
exceedingly complex, whilst the ozonide consists of but two 
molecules of ozonised dimethyl cyclo octadiene. It there¬ 
fore follows that ozone exerts a depolymerising action on the 
rubber molecule. 

Attempts to prepare dimethyl octadiene itself by reduction 
of the ozonide have, however, proved fruitless. 

Cyclo octadiene, the simplest of the cyclo octane deriva¬ 
tions, has, however, been isolated by Willstatter, and on 
ozonisation and hydrolysis this yields succinic dialdehyde, 
whilst on polymerisation it yields a product very similar to 
natural rubber— 

CH—CH 2 —CH 2 —CH 0 2. CHO . CII 2 . CH 2 CHO 

[CH—CH.j—CH 3 —CH ) n 

On this evidence, supported by his previous work on the 
nitrosites and tetrabromide of rubber, Harries adopted the 
somewhat unusual eight-ring structure as the unit in the 
polymer of natural rubber. Although Harries’ views have 
received wide acceptation, yet this theory is contested by 
several workers in the field; notably by Pickles, who ad¬ 
vances various arguments why rubber should be represented 
as an open-chain polymer:— 
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apart from the fact that no process of industrial ageing on 
these lines appears to be in actual operation, ageing is prob¬ 
ably not entirely a process of oxidation but results from a 
great number of chemical reactions produced from enzyme 
activity taking place but slowly in the wine. Probably not 
the least important are the proteoclastic ferments effecting 
the gradual hydrolysis of the small quantities of protein sub¬ 
stances present in the liquid. 

A useful field for the application of ozonised air is to be 
found in the preservation of food, especially in connection 
"with refrigeration. 

For the prolonged storage of fresh meat it is necessary to 
maintain it at a low temperature, in order to lower the rate 
of hydrolysis both proteoclastic and lipoclastic produced in 
the meat by the naturally occurring enzyme. At normal 
temperatures meat can only be preserved for a few days 
without its quality being seriously affected by such changes 
occurring. During storage and transit not only are the sub- 
etances subjected to internal attack by the natural enzymes 
but frequently external sources of contamination are to be 
found, especially flies and air-borne micro-organisms. 

Thus maintaining perishable foodstuffs at a low tempera- 
Imre and in a sterile atmosphere ideal conditions for preserva¬ 
tion obtain. Several large refrigerating warehouses and ship 
holds have been equipped with ozonisers on the air-circulating 
systems. 

We have already alluded to . the enhanced efficiency of 
ozonisers at low temperatures, hence the conjunction of an 
Oizoniser in a refrigerating system is a particularly economical 
installation. 
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Mr,Tiis f i»,» ur lktwition asm analysis. 

1 'nit <4 «?»«* j»*rt of «»»un Hi ft million of air can be 

«irtr<-i»'4 by >4 si«t elurwliTfliilic odour, which, however, 

i* liable i»* !■■ wiili that of dilute chlorine or nitrogen 

"..rP- 

ltt mammon will* other powerful oxidising agent#, it will 
readily htarah? from the usual starch iodide papers, 

..«»»,* th< a * **«'!■ hmi W»w?, a method employed by Sehdn- 

iif'iit, tV'ditl. .,*«•" a", S Van IbutUdaar. 

m 4 i***M that by a simple modification of the 
tmt p»|wf umm would lm dwtinguidwi from acid oxidants, 
■>.*' t, .... > Vs -ir.' <»r mitogen preside. A strip of filter paper 
i* a< il. ;» dilution of neutral potassium iodide 

and mm half ia then tmM with starch and the other with 
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I*!■(.' i,v </Wr*t:ng h*ib itand alkali from neutral 

pitatsow, 

I 1, f ‘Ml 4 1I|0 * 0| d* ilKUll 4* lj* 

TIm’ p*pr m »-’t noiindy <)i/#(niMtio for oxone, since carbon 
will «h<wly taiw-troit** iodino from neutral potassium 
i«4ihi *»4 w*H not turn the paper distinctly acid, 

ffydmpn pro***!** will give the same indications as ozone 
ito-lf loditi** u also set free by photolysis (Loew, “ J5®it. f, 
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M »to'b-» Jh r ,n, -Wt, « 4 t*, t Ml HK>7, 4 a s J.M8,1908) 
j;-''- > ’'nt' 8 " * to tho presence of a 

; H ! , ’*-• 'i iv***nt, :i coloration i« easily 

i *; ■ ■ ? 1 ■- ,J ‘*i j j > < iii, ozone, mid ho claims this to be 

jji-r. i ’ft srum thvl base paper. 

M r- . iv'jlphoopri (Ot’ifcil filter papers turn brown 

“■i ■■ !'<!> * in*- 1 <-t tsnin , ihto hi tho formation of Mn a O a . 

M i m *,t(f o, ho formed if any alkali be 

j»i. n h,i etie.oiih, ami this in turn will undergo 

utoi ■ .jft.■ ■wti.o.-’i in ih<< mbniml miutganoso oxide, 

; v os ?’<!> jo« -* n*'*’ i f Ju:!u (Oitiiltary, “ g, 

1 i, '} * , - 4 -1 -if .ninf.-d into the brown thallic 

,.vnh T;,’*; "< the '»<-hmu of **/<»!(»!, Nitrotiw acid is without 
, ■{. » ■ ,' • n •(,»<■ c ,| mitral* of thallium nre not coloured. 

H ,,>< u > so S h- ir *,;«•!» rndjiWh, however, produce a brown 

n 1 foo-r <S*ie t«« oxidation and the latter due to 

- k »ulphidc. Carbonic acid present 
, n •>,„ y s i , \u *, < t« d «ttu .»-,s ft c trwidcmblo decrease in 
■/,.-»-.stAuy «»{ fUttil'M* *<xtd<* paper owing to con version to the 
tftwNMti carbonate. 

\ \i\'- m >i, a* *\./' tho*, notably l*ocy and Bdrigny, have 
•.(,* ■< t’u - *• %i in fh' form >>f long strips in a suitable 

,,,, . r ■ to f«j rlt* < ..itHmiotiM detection of ozone in 

,, fc ;,v H.- Oft * of a «mpb .•bs'kwork < ’cupfinent a small 
p,,.i fsi.ft r, nt iittpr* pajw r w < x|k>«m 1 to the gas 

of, on, J ; n p :? 4, ami hv noting tin* time awl coloration 
t»f ilt« jiap'-r the fir**M»et» of «M»no in the gas at any time 
during the prn«l of operation m» ruurily l* detaoted. 

;-its hi*v»' hc< n mad*’ to convert them- no-called 
IIP for giving some idea as to 
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folflrtP^l Ilf hwk M? *f "ft *4*M ,| *4 C 'J?t1P>P 4 41, , 

IliiiiviiiJfliti#^ ut h*Amn* i n\fhA*, -4* 4 *<*t ti m 

lOifjrilpf, in I»I4**< |r< | 4 #$f numhnl^ t t v *> 4s ,J ( * < **$$*$? i*» l!i^ 

further &xid*tkm of lit# lilwtsi^l twltii*? iwt*i ifwlifct, t#4ftl4** 
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|fifi 4 l!Wtf Will* % i#r ||H r%i 4 * 1 *4 ft" 4,4 I 9 ! i 4 pf* il|fr4 iff 
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, hydmgrn peroxide is formed under these condi- 

*' V,. ,|,j, I I n’, J 5 KH)»- 


■' ?M ‘ ’ ; ' 1 ' >• Hf s <) * 30, (• HjjOj, 

aii.l si ahgl.1 Ion* may result, due to interaction of 

»h<" and the. hvdrngfit peroxide thus formed— 

H/» . n, H u * of), , 


ili«* r.s«sj!i*i ,'ir.s UMially witmwh-d. higher than thiwodetermined 
* ‘ -* >* wlssrh «,vr* will shortly refer to. Ladon- 

(" H**r, ' jft, 115, HW3) obtained excellent results by 
fmimmmg tb»* «finrntwii in the rovers® manner, via passing 
through fttandartliaed «odiutii hydrogen sulphite and 
barb titrating with standard iodine solution, 

Ingle* i 'J vR, fold, i'.HKt) showed that the acid 
todefo method invariably gave high results, neutral solutions 
yielding wore determinations, He found that 

h ntr-i', |w'!*>.* -Hitt ht nt 4<’ mhtiiww gave discordant results. 

Sf >-tr> %n'i, *4 tfo* mdine method is extremely 

:mv ,hud* 5 «• »>'<i4> r<tli*»n of th»> equation (1) will indicate 
tS {• i • v it >• ii,\ v'uit ><f ftp tin- two equivalents of alkali 
.»»>- I i < r *<.*•}, <w»4 <• n * jurnily the increase in alkalinity of 
ih« Notation give* • tu«M»tir« of the amount of own®. Avery 
4»lutrt Kutphom acid aofntiim erf potassium iodide is usually 
* nij4 b.I?f.«i,d iiftrt iihvurptton uf the oaone by back 
in w-th vtandard alkali, ii«mg litmus or oongo-red as 
an mdik'ni'-r Tim iodine can be determined in the 

ro-utrai W.vlam by *4 sodium thiosulphate, thus giving 
a chsaeit on the fortnuf figure, 

K If fto i nfold snd h* ftmeber (" '/ml. Anorg. Cham,,” 


«f», Wi, nite/ mvustigati il the effect of the addition of add 
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fu j < 4 4 j> * (# I 4 I ^ » I ' '4 ’ f 4 # ' ** 1 l ' 4 ' ' , ^ ^ 

fl/» Illi Iff ,'** a* »** 1 %* 1 I l,s , tK ** 1 ♦ ** 4 •' , ’’i 

flp # iiiiiiJl i* 4<*h 4 |-r. * * * *> ! *• ,! 1 ' ^ 

t 4 * l^f •* f ^ * J *,,, 

II nit!*’ fs-»'k jft *'< mn* * \i <* ■■ 

* . ,.li! * 5 

f |i|* 1 *1 *4’ I't f iy>* I * *-> <4 ' <S ' * ‘ , ^ , J f ,t 

* an^f fji}« t) *n ‘4 - * , n * 4 Hr* 4 4 - . ♦ m >- m 

tlltt«# iWItl I' !it f * * )« • 4 1 4 < I . 4 r i ' < '* * 4 ' . |**» 

tw* * !1 I 2|4 I 4 4f j 4M - < f ?'>4 < l > i *%,**- i i 1 ^ i * \% 

till f?M» !/ tj I f , t ]U Mt/ it ' '* < » ’ i < 4 ! ' * 1 ‘ 

ntiiiily I'ltitiiiiiiil#l*?. 

*Y\my mj*v* * Hat ** * * * j f ff ! ,m \ \ | ',, 

II purl III f} <” M 4*fi f 4 V# 4 * it i ' 4 *t < i ' % > i>' ( 

ifA'm* liHfl Jk4^ utvtu* \< >)A* ii 4 i 2 „ i •* f4, * * *i } . 

lowing k»n« tn int’tiiiftUi * ' t«,**« |* r i JI f ^ 4 

IfV "i ^ pm4tti§m f ? i >/ *<u< ^ \ 4i \u* 1 ^ 5 / f 

m £$^ HI t*«! }h |f^ri4^ X* f I » ^ „ |f # 

IISI# lilli n% n i v <h\% -I 4i .* <• f ^ - v ? »»*• \ * 

PtfUfl*' ill^llutil ll 1,44*' it \1* |4 /' %t.* t 1 4- ife 

al«4i4 fiifli t4 *%* Ik4i f i iljy yV ! ‘i ' ti|.f*» #* < ,f ( 

V«‘«*<in< r (" H/,i m, f’, » r>|»» * »(*('" *.y ‘ > t\ 

)<lttiHf »rwt, tt«il im<i* lK;i! »?, npi ?. < >*'<4.. ; ^r, -.j t . •• ^ 

r* fnih« hy nmivj n,-t 4 -4 thm *-!r< 

ih} A fit ttVUt* tijmfs 1/ fthr^t *ytii/'Fs \f?l' fc Ut* • < I ■*>’)!•'< 

jrmtn»|i W IW, HIJJllAf t./ tin* » t»»f»4»fi tut . « Vj|> > 4 . 

»};» {»»rtvii«T i*r ix fiiianKK'irib w4iib<«», H v,|., U H,< 

t.«i;nlatntii «4 H!%“SUW< m s S V,t i,, ; J », ; , *L<m 

I** ijo < i!j,,^..n 
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nr J<nKC'I'tKS AND ANADY8IH 

H '*t». * il, t 311,0 « 3As(0H) s . 

\ hijIii*-- :i'.hilt'it! *4 ji«4'iH*.istm arsotiito in prepared by the 
'f iniic..n i4 !»»".< ns<ni*f nj pniiWiiium bicarbonate, and after 

fr-!fis!i..« i., hi;,n»Si»r>ii*wd by ^ i*«li»« solution,using starch 

a", lii'h.'-slrtr 

14- ’■ ' '• 'Of « in«'twd after absorption of the ozone 

by 1 ’ >' ■ ’t 1 s* to b'S<- or tj e'Dtims acid solutions (1. wash 

bonh 1 1 ••■.-.Mi "o v j..r iv< flow rate tip to 10 litres per hour); 
l-» ' ' ’ t "! o * »*< * •» nit tabor must be employed. 

! *• , ■ h Yjo» Htati H that five 1-litro wash 

" ■ v t> • ■}• * 1 pi r hour. 

are usually expressed in grammes 
j»-t iHi.frr. ,4 mv. H will lie noted that in the case of 
ui »' o ' ai " /pis h the wjuivalent volume of oxygen 
i« no*. r*-torn<-4 t« tb« gw, m in the cute in absorption by 
*!!*• m* «»f p«i#«wuin i**lnb‘, and consequently in this ease the 
;:*>• :b-r, ,| flj Volume When {MMUBg through the 

(4 , ? < t v., .*!• Hi- 11 , however, w but a small one. (4*8 
1 'ttr* ' h j<> if • O' - i£i<’ti r **- iuld give a diminution of but 
o t< t «> '** - 

v 5 (1 , 1 . - * It i«j, 430, 11117) suggests the use of 

y hi*, , 1 , .itmiii * ulphab* solution* slightly acidified 

pH! 

AiV, ■, ,ij.b p«- ’W;d, »-i «bf .rlr- nt; bark titration is accom- 
P?- h< 4 %au |Miwi'tm jvi rinangatiate. It is stated that the 
« ’’.tt'.i"! ji* < h‘il l»v avr at tins fi/neiBttttioB. 

.1 / A v r V *■ f k* <h i )tto baa mwb* use of a barograph 

i<? - u t m> u-‘ it «. iittii iHi; fiord of the density of a stream 
, ,j 4 , || (£ 4 that the, apparatus is extremely 







I nil 

iw t nvhv f f*» H.»* pr* i- m Own,*’,- "is 

3114*1 TtK Vtm«* iI 4 V< 4 *. i'tf * 4 ' K‘‘- 4 ,\ 

dilufumrt* r f *r Hk * SiiuuUmji nf t»/njr t;i ^4 up k tb- m 
rfVAMr* f if V*4lit o« **vh”r'h »V *0< ilflbf;' -< ^ W‘!i***i ^' O’p • 4 t j 

f }i*TIII*:iI itriKfifp Hi! w.n. A AttO r r K KipflutPfi 1 10 .1 

pmOurif o4 n< ^k f i > fuh 4 n? :k%Uh“f <j*hrri<* f »*<•■<. mi * V a ,nv*'U 
hmipvrntnry with *1 k «/♦**;"'<! Tk 0<r4 o ’ro ?K“*i 

i«i 4 this prpi'M4 i wmi* r i ui t wroon ? # f o, **<4 
tip? u/ufifM fIi«ii tl» ** umjk 4 A Imi U* 4? I s PM- 1 ' I 1 - 1 *' H f ipi i* 
flip, 401 fb||pK tirHl f ^il'4 h* \>* % M > ? hi ‘ ‘4 1 f r 

IIiim |nir|f'i " TIk u i iv 4 >' pi * iJ'tup O f » *■ ^ • * ** 

orij'iwtJ I^itijp'r'iliii^ ? iu4 r* i4p4Pop* k, t V * kku 4 f">^, * >■ 

}#l nuit>4 ?MI«t ffrliK* it** o4i!*!/ k i- ^ r-v k ^ il 

riliiifKl frmii IIk #’jtrifp.ii4 

• l£U M ~ 30 r 

Otto fllltfirr 4»‘VK*’4 aflojtfp ‘if m«llv«l t»iw4 CJ §1 llir |ififinpl^ 

rillJi** l!iifK«iii-ii»r m<*iv si-M ni!> apj-h* 4 hy U mJ opu^r 

|1firjfiiM *4 A Mrfitl *4 4 4,4<i* ‘< *» ' fp’ 1*1 

ilwitliirJi of eiiiiijitiriififi with s l*il*«* of tlfiitiiiif tmi§$h of 
tiMirijwol utr or oxygitii wndtaf itiiti«liif4 iKiiitiilioiip «if 
turt? *n*l jno.* *tifK 

R tCrliifiir iiiiil M M*ml!or R I1»y 4te /oil , ij*iOt VH >U 

tinfr un^t***df 4 lip' fiKvMii * uw o? of t <# fiiop’- l»f 

ttio »li«rpliiiii ill iilfrii*tr4#’l 11^ r urifiooioi 

lion fif ttllim*fioliii Iffjtitt tif in iIk t^^un % ^ 

200 to lilt |*J64 f #i«|ll^i.sl!f si b ^ i'll 4 ko»|4|?^p t#f J$r* fV, 

ItW Itio lllHKf|||;ir # f| rfpflirin^ IIIt|f |#if rfff#'****4 III f!$«' foim 

I - I r <ir l^fH f ^ lti|f f #wu t # it IIk itiiliil iiiIkIi* 

iitf nf tlm nllr,i violet Iifjlif, I tlo* iiilrn#4> 

turn Iff ti |jiy*-r of ^hpiwI **iy^*n 4 ihb k n*#iii4inir4|; 




A*>» AN'ATA’HIR 


187 


'' ’ 1 ' ! i *n>l K Uir d^orption coiiflicient for 

■ ' ■ >' i, '»' in a tube of con- 

1,1 J ' ‘ ... * in proportional to the 

•• * - <>f tit.* Hm-r^nt ultra-violet light, 

• 1 *' • -s t pots ,M»m |.h<it(H)li«c,tric cell. 

’ ' " ’ ■ H'*v >' -»! lumtysig have,however, 

T “ * ' •' ’ ' '*■' roli'im’i* having usually been 

1 ■ ’ ' * ’■ •* ''' 1 ■’* '<* th«* iodide volumetric method. 

^ * 1 ’ * i • *> ‘ ktnuvj and other oxidising 

' “■ '■ ‘ t ‘ < ■ , ’ * l, i'' * "* *‘»vr4i!!«t»»in by Tommasi, as 

' ' i <.''*» »' »tf, iKf, 

1 •>■ ■ ; ■■ ?«'s; <■,»'! ’ nfu-iy t»o4 chlorine or nitrous acid 

»"* > > <h»tc m of p*<UnMttin forrocyauide, 

^ t‘ w*-r u t»-roimc«| by the conversion 
i' 1 V "A" ’•»' v »?* 4 * ?*•■* t*-4 Another portion of the 
««•* i® Um-i» p*«s4«| over hot platinum block, or through a hot 

' * - ! o* ?t.«>nrnn dioxide, when the ozone i$ de- 

•'i' 1 •' s J >' i’"’- *■ "i on h-rr ^ .-imi b* conversion is then de¬ 
ter *n4 immt the d$ff**Mne» in the two estimates the 

-<* . ,* ti.‘ raft • wt b« 4»'h'fi«»n»'ii, 

1 fo *<-,»< - < .•niaming ozone and the oxides of 
t,; 4 % n -A * i • e> <-' 4 )i}#h»h*Ml by passing the gases 

m' - h ( <--i viv <* ‘.-'I, the ( of nitrogen are solidified and 

inn fc« p**v*,icly 4« tejinns'*f 

if ,-i^i *nd H^rrh i l " Ih r /* 41 , :i?>78, M 2 ) cite an in¬ 
is*' *.• »i tni in'\h>*4 hit the analysis of smalt quantities of 
14 , 1 -*- »r t n v:„ * h, wiojM appro?, would alee hti applicable to 
j<»»' . rti u if ->p '«»’ IVy not*? that methane is qaanti- 
t.-.nv.- > -»t/ 4 jodmiry t^iiipmtumi to formaldehyde 
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flit* *>ninfi^n |ir* ^ *r* » f tl f r . .p* * r §o sf* **% **< * 

Mmt ji«tfii#l« waltTfi »tfij»jft n tjiwftlilf of iit«*r)lvo«l unfit. u$ 
mulct; ift« mtorn&i m$m^imm of lt«s noil «tf|io»ottlf bm f«r 
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Since 96,540 coulombs are associated with 1 gm. equivalent 
or 8 gms. of ozone, assuming the electrode reaction— 

60 © 0 3 = 30", 

this quantity passing through the cell per second would 
generate a maximum current of 96,540 amperes. If the 
liquid flow rate were 1 c.c. per second, a fairly normal rate for 
the instrument, one part of ozone in 10,000,000 of water would 
correspond to a passage of 10~ 4 mgm. of o^one through the 
cell per second, equivalent to a possible current of 12 x 10~ 4 
amperes. It is, however, evident that all the ozone cannot 
act as a depolariser, since half of it at least is wasted at the 
other electrode, and for convenience of operation the cell and 
flow rates are not so proportioned as to effect complete re¬ 
duction of the ozone in the water flowing through the cell. 
In actual operation the recorded current is about 25 per cent, 
of the theoretical maximum. The instrument is remarkably 
sensitive, easily estimating or recording one part of ozone in 
10 ,000,000 of water or *00001 per cent. 
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Oxides of metals, S3, 34. 

-nitrogen, 14, 16, 21, 25, 50, 54, 

85, 112, 133. 

Oxidising powers, 11, 169. 

Oxozone, 15, 178, 174, 184. 

Oxozonides, 15, 170. 

Oxycellulose, 158. 

Oxyhsemoglobin, 154, 158. 

Ozobenzene, 169. 

Ozonates, 14, 137. 

Ozonie acid, 14. 

Ozonide peroxides, 169. 

Ozonides, 2, 14, 15, 41, 168-171. 
Ozonised water, 21. 

— waxes, 157. 

Ozonisers, 120-132. 


Paints, 161. 

Palladium, 35. 

Pathogenic organisms, 149, 152. 
Perchlorates, 13, 174. 

Periodic acid, 32. 

Periodicity, 68, 99, 106, 130. 
Permanganates, 13, 30, 32, 66, 150, 
153, 169, 174. 

Peroxides, 30, 31, 33, 37, 42,186, 164. 
Persulphates, 31, 59. 

Phosphorescence, 8, 9. 

Phosphoric acid electrolytes, 57, 66. 
Phosphorus, 28, 38, 89, 40, 42. 
Photo-chemical activity, 140. 

— decomposition, 23, 70,138. 

— efficiency, 76-77. 

—- production, 28, 70, 77,138-141. 
Photo-electric cells, 187. 

— effect, 119. 

Photographic action, 159, 169, 171. 
Photolysis, 180. 

Physiological activity, 154. 

Piperonal, 166. 

Plate ozonisers, 127. 

Platinum electrodes, 58-67, 120. 

Point discharge, 118,123. 
Polymerisation, 28, 76, 161. 

Poppy-seed oil, 165. 

Positive carriers, 11, 40, 98. 

Potassium chlorate, S3. 

— iodide, 2, 4,11, 20, 157. 

Potential electrode, 47, 58, 63. 
Pressure, effect of, 46, 70, 76, 111, 

134. 

Pre-treatment of waters, 148. 
Promoters, 164. 

Pseudocatalysis, 164. 
Pyrooatechaldehyde, 166. 

Quanta, 71, 72, 77, 89,139,141. 
Quart®, 70, 84, 116,116,140. 


Radium, 86, 88. 

Rape oil, 165. 

Rate of decomposition, 24, 49, 53,133, 
138, 137, 177. 

Reaction rates, 12, 30, 53. 
Refrigeration, 122, 177. 

Residual charge, 115. 

Rock salt, 84. 

RQntgen rays, 88, 94. 

Rotating electrode, 124. 

Roughing filters, 144, 148. 

Rubber analysis, 15, 178, 175. 

Rusting of metals, 35. 

Saerol, 167. 

Sandal-wood oil, 23. 

Sandarac, 173. 

Saturation current, 93, 113. 
Schumann rays, 80. 
i Seasonal variations, 20, 21. 

; Secondary production, 26, 86, 105. 
Selective oxidation, 13, 161, 165. 
Self-induction, 98. 

Shellac, 115. 

Siccatives, 161, 164. 

Silent discharge, 25, 91, 95. 

Silica, 83. 

Silver, action of, 3, 38, 49, 136, 181. 
Skatol, 155. 

Solubility, 7, 8. 

Spark discharge, 1, 51, 102,118. 
Specific heat, 45. 

— inductive capacity, 114,115. 
Spectra, 9, 10, 72, 73-90. 

Spirit ageing, 179. 

Spontaneous ionisation, 27. 

Stability, 48. 

Starch iodide tests, 16, 23, 180. 

Static transformers, 97. 

Storms, 21. 

Sulphates, action on, 12. 

Sulphuric acid electrolytes, 57. 

Tanneries, 158. 

Temperature, influence of, 46-52, 58. 
Tetrabase papers, 136, 180,181. 
Tetrabromides, 173. 

Textile conditioning, 159. 

Thallous salts, action on, 181. 
Therapeutic uses, 156. 

Thermal decomposition, 32, 111, 134. 

— equilibrium, 22, 45. 

— production, 44, 50, 51-56. 
Thermionic emission, 98. 
Thiosulphates, action on, 12. 
Thunderbolts, 25. 

Tintometer, 186. 

Tubular ozonisers, 124. 

Turpentine, 8, 25, 37. 








